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Content^Ba^^ ESL: An Introduction 

Ciiapter 1: Integrating taiiguage and 

MatHefflaties^iaFnlng_i z 
Theresa CoTxisaniti Dale, GUberto d. Cuevas 

Chafer 2: ESL and Sclent Learning 



Chapter^: ESL and SoeJal Studies Instruetien 
References 



Qehteht-iased iSL; 
An intreduetieri 



THe cbneept of integrating language instructiGn with 
subject matter not new to language 

educatori. It has been attested Ite ma 
adult educatiDn, in xmiversi^ programs for foreign 
studentii and: in_ specialized language courses fbr 
s(^entists« businessmen^ a^ pro^ssionals. Td 

some degree^ Has also been_a part of elementagr and 
secondary school ESL programs,r aUhoug^ 
content-based ESL courses are relatively new. This 
collection of jessayl---b^ dassroom teachers, research- 
^,^md tea^^ eduea^rfr^es^ of the ways 

in which English lanj^uage iiisferuciKbi^^ 
tegrated witii science, mathematics, and social sciences 
in elementaty, secondary^ and cpllege classes, and 
reviews some of the theoretical support for this 
approach. 

Writing Across the Curriculum 

„The Bullo^ Beport (197J) bn^n^ish Lacross the 
cturiculum was ffie first overt e^ression^bf a ^o^ng 
movement away from the i^etoriral^ product^^nen^^ 
writings class^^ivorced from other subgect-matter 
^as6^^te»wai^ Jul appro^ that views writing as an 
integral part of i any course within, the cUrjriculum. 
Althoujih limited atten^on fias long been^^^^ 
business or technical writing at the secondary or adult/ 

. 8. , , , 
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tertifay Jevd, atte^^ writing is appropriate in all 
cont^ coiirses as a valuable means of lerniiiig ^ustis 
talking represents a way of learningl.^thbii^ 
language ari« or writing tei^ a 
special i^Ie in^elpmg studente to iind their own voice 
Mid^te ^e ©rm to t&eir t&oughte and feelings^ teachers 
of mathematics, science^ jsocial studies, and other sub- 
jects also have a respoMib^ see^^at ^tihg^Mfls 
are applied ti aurftentic J^ks such as lab reports, 
emanations of princy>Ies and theorems, discussions of 
historical causes and effects, or cflmparisdns if reli- 
gious or cultural institutions. ^^^^^^ (1983) 
list the fdlldwihg benefits of teaching writing in the 
content areas: 



1. Writing about a subgect helps students learn. 



- 2. Writing about content has a practical payoff. 
(Students write better when they spend more time 
writing.) 

3. Content writing often motivates reluctant writers. 



4. Content writing develops all language skills. 

5. Teaching writing teaches tlnnkihg. 

Reading in the Content Areas 

: A^^ similar &end has developed in the field of read- 
ing: Langua^ arts and readtog spedal^ 
readir^ be "taught" in all^ntent ireas, wBSIe^ey, in 
Imli^ in^bduce iex^ are 
reteviu^ to andi^jpiesenta^ of those tibat students wiU 
read in their cpntent^area classes. This change has 
required readmg teachenL to teach mOT^^ 
tureL and mathematics, _sdence, jmd oi^er subject- 
inat^ teai^ers to tea^ in^ sul]|ject mat^ 

ter^S^e reading is a way of a^iuring infonnation and 
learning, it is a sMU to be addreM@l in aU The 
purposes for reac^g, the J^es of texts present^^ and 
the kinds or reading sMHs required differ by discipline 

9 
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and task; students need to acquire a vanety of skills 
they can apply to their reading assignments, whether 
readiiis for iitformation, for pleasure^ or fbr guidance 
m pe^onninjg a task. Gohteht**ai^a teasers must rec* 
ognize Smt ffi^y, tdoj are "r^di^'^ teachers; 1^^ 
reading or language arts or English teachers raust 
understand that their "content" may go beyond 
literature. -_ 

_ _^ great deal o£ research lias J^e^ii p^^^^ on the 
typea of texts and the kihdsL^f skills and strate^ 
involved in reading in the content areas, aa well as 
dejscriptions of program models and curricula that 
integrate heading with contint areas zy>upiui8^ 1984; 
HerBer, 1978^ Vacca, 198I)^Du|^^^^^ (15841 found that 
"Over twen^ textbooks ar e cuwently published to teadi 
teachers how to deal with reading in content class- 
rodms" ip. 2)^ although some subgect-matter areas such 
as matlieinakcs^, scienc^^^ 

ceiyed more att^tioh than^tiier areas, such as music, 
health, or physical education. 

Content in Language Instruction 

J^il^ rea^^^ and writing theori and pfacti- 
tiohers Imve been concerned mth^J^ 
wriSng tS leani (not just helpinjg atudents to learn to 
read and write), a similar trend has been evident in 
language instruction^ where the fqcus is not just on 
learning tKe languag but in i^in^ it as a inediuzn to 
leam ^omething^ else. Althougt teaditibnal language 
teaching has focused on grammar or literature, and 
more recently, on communicativa competence or lan- 
guage use in iJ lai^e^^^ setise^ a 
humbjtt of difTereht aegme^ teaching 
prdfessibn have recq^ized ^e importance of focusing 
on content as well as language. 

In llnglish-for-specific-purpqses (ESP) curricula, 
the goal of language instructibn f s to provide access to 
text^ seminfiSs, lectures, jSd^_bMa^yjH^the entirB dia- 
ciplines of auch Seldis as engineering or 
technology, business or economics, medicine, law, or 
other professions. In teaching the particular vocabu- 



ERIC 



4 



lai7, discourse styles, and syntax of sciencne texts^ 
written or oral^ the ESP course uses materials and 
activities drawn ftom the field, focusin^bn ihe ways fix 
whicE the l^guage ia us^ to eonyey or represent par- 
ticular i^oi^hts or ideas. WitJiin adult ESL pn)gramS| 
the toms of^n shifts to skilled or semiskilled jobs^ >^ 
spedal-purpdse English cdursea designed tei^assist 
adults iir hecos^ welders, electronic assemblers, 
technicians^ deiical workers, and the like. In both 
adult ESL and ESP, the integration ^f language and 
content is accomplished tiirough efforts of 

teachem in both fields^ of 
textM&bme^mes BimpHpe^^ adapted) and activities 
drawn &om the field of study. 

Foreign language (FL) instruction has also focused 
on academic contend in delivering Fi^ 
grams ii which chfldren receive all or part of their 
education J^rou^ the niediu^ of another language, 
thus acquiring the language simultaneously with 
learning the academic con tent of mMhematles^ or 
scLeiiceiu or whatever portion the cimiralum is taught 
tiirbu^ tihe language. T£e de^ develop optimal 
waya to present this content so as to keep it under- 
standable to the student who is oi^y bediming M leam 
the language j£ instructidh parallels the cbhcerhs of 
mhtent-based^SEtea^efs. ^ ^ ^ 

Withm ffi of ESL, models abound for com- 

bining language and content instruction. One of these, 
ESP^ waa discussed previously. Ancrtlier mode^ 
ESL teachers in ail "adjunct'' relatioMhip^ 
demie subject-matter teae^ in^ particular field. 
Public schools offer "sheltered immersion" programs^ 
in which the sul^ectrmatter teacher uses tiie insights of 
the FL immersion clasi^ a^ the cdntent-baaed ESL^ d^ 
specific-purpdse ESL i^s to prd^e understandable 
c^t^t ixrEngUs&medium inst^ to students with 
Hmited English. In both FL immersion and sheltered- 
immei^ion programs, according to Curtain (1986): 



: 1.^ Tliere is aJTqc^ raiiier tfian on form. 

There is no overt error correction. 

2. Linguistic inddificatidns such as simplified 
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speecli and controlled vocabulary that are necessary for 
comprehensible input are used* 

1 InstractiohaLlah^ has contextual clues to 
help convey meaning. 

4. Conversational interactic^^ subject 
cdntent^is iiitefestirig and real to the students. 



5| Languages of instruction are kept very carefully 
separated. 



: 6. Students are aUowed a silent period and do hot 
have to speak until tfiey are ready. 

Why Content-Based Instruction? 

The bases for the increasing iiiterest iii cbiterit- 
bMedJangMgeiiistettctibn^ varied; Develdpmei^ 
second language acq^isit^um th^ and insights from 
practice witiiin the various fields of language instruc* 
tioh have botii fiieled tile intei^^ 

Within second laiig^^ 
the moBt important influence Jias beeh^ emerging 
emphasia bn t^e role^at meaningful, xmderstandable 
input plays in the acquisition of another language. 
I&'aBhen (1981^ 1982) has drawn parallels between f^^^ 
and second language a Kas suggested 

that the fcirtds_ of mput that children get from their 
c^tretakers ("careta^^ speech") should serve as a model 
for teachers in the input they provide to second lan- 
guage learners^ regardless of age. Input must be 
comprehensible Jtb Ihe leaiier (at or just above the 
leacn^'s level) wxd be qSered in, such a way as to allow 
multiple opportumities to understand and use the 
language. ICrashen's ''Monitor Model" su^ges^^^ 
comprehensible inpu^^ provided arid the student or 
acquirer does hot feel a great deal of anxiety, then 
acquisition will t^e place. 

One way of reducing the anxiety and also increasing 
the potential relevance and meaningfulness the 
experience is to provide interesting texts and activities. 
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6 ESI^QNTENT-ABEAmSTRUGTION 

I&asheix has recently emphasiT^ed the importance of 
extensive reading for pleasure as a means of language 
acquisition, as well aa Jthe role fi£iwntih^^ 
ommendi u^g texts and ac^viSes that are not gram- 
mar- or drill-based^ but instead are interesting and 
authentic^ deaUng with real-world ideas^ problems^ and 

activities. : i 

^ l^sken pbsite a dic^btbmy^be^ween acquisiti^ 
learning, witib one (acquisition) senong to initiate all 
language and ^e other (leaniing) serving only aa a 
monitor or editor, activated when the leam^ time 
and_is fbcusii^g on the coirectl^^^ ot his or her 
language. Thus, he stresses natural ac^ 
portimities that are structured only enough to make 
them comprehensible to th^ z^z 

Jn iholher dichotomy^ Cummins (1979, 1981) has 
hypothesized twd different kinds language prbr 
flciency: basic intex^ersonal comniunication skills 
(BldS)^ whidi are language skills used in interpersonal 
relations oti ilS informal situations whose lextra- 
Ungttisfic and Hn^siic context pitiyide r^ativfiy^e^ 
access to meaning^ and cognitive academic language 
proficiency (CALP)^ which is the Hnd of language 
proficieiic^ required to makeiBense of and use academic 
language iu less ebntex^ rich (or more-context- 
reduced]l situations; Oummms suggests ^at filGS are 
relatively easy to acquire, taking only 1 to 2 years, but 
that CALP is much mpit! difficulty taking from 5 to 7 
yecu^ aud necessitating direct teaching of the language 
ill the acadeimecontea^^ _ _ ^ 

Given Cummins* hypothesis, it is somewhat easier 
to understand why students who have left ESL classes to 
enter iiainitream classes (where English is the 
medium if instmctib often iiavi difficulty m fill 
further and fbrther behind in ^eir aca work, 
'their seeming communicative competence and fluency 
is deceptivef alttoou^ they cats talk with their peers^ 
exigage ^ informal conversation with, their teachers, 
read Bimple hamitivesr^^^^^ notes ir 

lettei^ they are notable to deal with the more abstract, 
h)imal^ contextually _^ lan^age of the texts^ 

tests, lectures^ ir discussib of science, or math- 
ematics, or social studies. 
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Many contenfrbased ESL prog^amB have develop^ 
to pra^^de slaiderits wij^ ati opj^rtiinity 
as well jTs to^bvide less irrupt ^ansitionJ^oniJ^ie 
ESL classroom to an all-£nglis&-medium_acad^^ 
program. €ontentrbased ESL courses— whether taught 
by tiie ESL te^ content-area teacher, or some 

con^natidn-^prbsde d^^ special 
^guage of iiv^ subjec^^ matter, while focusmg attention 
as much or more on the subject matter iteelf. 

This Oolleetion 

This ^bmbmed focusrrr^n^^ matter and^e 

Eni^kh that is used to communicate it-^is the basis for 
this collection of easays, The authors of the f&ree essays 
z^present a biSad^ange of e^erience as piui^itiimeni 
^d researi^e^. They 8h£^ £b ezplbi^ 

mg Qie wi^s in^^ich oon^ntitnd langt^ 
can best integrated, and they are all relative pioneers 
in tiis eadeavbrr „ 

Th^£uthbr8 of - ESL andzSdehee^^ are a teacher edu- 
cator (Ussier) ^d a secbnda^ sd^l science tei^^ 
(Quinn). Together, S&ey have undertaken a number of 
experimental pilot science progrcunSi developing cur- 
ricula ahdi ai^ivities to enable the : liMted-English- 
prbficiec^ t!LEP) studen^ miderst^d^and teke pctrt m 
the science program and documenting the kinds of 
progress made. 

Dale and Cuevas^ the authors of "Integrating 
MathemaUcs and^ Lan^iage Te£^^ wbi^d 
together on a number of mai^ematics projecte JSr LEP 
childrenj, with Ouevas bringing the matiiematics in- 
sights and experience^ i^as well aLsensitiyity to language 
issues in m^hematics}> and lin- 
gmstic insights and ei^exience. B6^ have taught at a 
number of levels: Cu^trns is a teacher educator and Dale 
has worked witJ^ Jts school children and 

coHege &eshinen anil sbph^nbres^ Much of their work 
has involved the investigation of linpiistic^barriers^tb 
math problem-solving and to the development of ma- 
terials and cumcula to^ them. 

The authors of "ESL and Social Studies Instruc- 
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Son" are all ESL speciaHsts and teacfiers wHo 
to|35ther in one school system. TTiey have developed one 
of l^e first secondaiy school ESL programs to address 
bdth the cultural and linguistic requirements for ESL 
sfedeirta ta fime^ : efFeetively in American social 
studies classes. Besidles t£e practical experiehc 
having to develop curricula and materials, several 
memjbirs of the team have also been inyplyed in teacher 
education^ pMHdingi source of insight into the 

kinds of problems inherent in integrating language and 
content instruction. 

l^ese three essays provide an excellent introduction 
te the rationale: fotinte^atirig language and content 
instraction, and^ offer concrete examples of ways in 
which this integration can be accomplished. Although 
the focus is on ^L^ the insights can be applied to other 
laii^agesiM well ati^^ may lead tile language teacher te 
consider the ^iaterials i^d ai^ivitieB of jbther fields a 
Bnd of content— to be used alongside the &cus oh 
language structure and tiie cultureCs) of people who 
speak the language^adaptable for use in the language 
classroom. ^ _ : n ^ 

11hi!tiMe of content JS^m other fidds off&s ^e^lan- 
^age teacher ah. opportohity to enrich the Jahgua^^^^ 
classroom. By providing a more interesting class, 
teachersi motivate students to master the more abstract 
and difficult lahguap tha^^ characterizes the various 
content areas. Gdmmtmicative compete is more 
than appropriate informal use of the language, it also 
includes the ability to read, discuss, and write about 
complex and abstract ideas drawn from history^ 
science, mathematics, or any educational field. 
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ihtegraflhp LingUage 
aM MatHemif ici 
LearHlhg 

TKer^ OiS'aaanlti Dale 

emier tor ^pltei tffigulsHaf 

Gllbertp J. CuevaSrPh.D. 
Uhlvers^ of MOml 



Figure a seventH^ (>r ei^J^-p'ade daas^ m which 
about half the students are noimative English speakers 
with valuing degrees of English |?roficiency> The 
teacher is abiut lb a mathemBticB lessd^^ 

dealing with the properties b£ equjtKty> She begins by 
writing the following on the blackboard: 

(6 +5) + 4Q6 + (5 + 4) 

She pbintfr to tiiie mmber sehten^ bh each side bf the 
empty square and asks the class: "Are they equal?" An 
English-proficient student answers: "Yes^ they are." 
The discussion continues: 



Teacher: (pom^i;^ to a limited'English'proficient 
(LEP) student) How do you know? 



LEP Student: They equal. 



Teacher: Yes^ we know. But, tell me, why are they 
equaJ? 

ie 
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LEP Student: It is equal. 

Teacher: d,K They £u*e equal because hath humber 
se&teiiees^ have th(EL^ sama^sum. Now, what 
symbol can we wnte in t£e empty square? 

Native English-Speaking Student: Equal sign! 



Teaser Bight! Yti^ goodl Xnow p^ ta ah LEP 
stttdent) Please wnte the equal sign inside the 
square. 



LEPiStudeht:_(^6^id«s5' twt quite sum of what His 
she is sttppf^ed id do, she ^es id ihe board and 
writes the answer to each number sentence.) 

TeacherrGddd!^T^^ me what symbol do w^ write in 
^^square io say that tiiis side (poihiihg) is equal 
to this side? 

LEP Student: (Appears embarrassed, lowers her 
head and does not answer.) 

After class^ the teacher wonders how to reach LEP 
BtudentB like the one in this scene. She knows these 
students are intell^ent and eager to leam,^ but s^^ 
frustrated bei^use^e^^ get^them to express the 
mathematical k^^^ they know. Her 

concem is compounded when she tries to devise ways to 
teach LEP students whose knowledge of mathematics is 

alsOiWeak. : ^ 1 

_ Thia is juat one iHusteation of tiie fact^that teaching 
involvea frequent communication between teacher and 
students. When the dialogue is conducted in a language 
unfemiliar to the students^ difficulties iire likely to 
arise. Morris (1974) describes the nature of the problem: 



The problems of teaching in a second lan- 
guage are accentuated when mathemat- 
ics is the context of the dial^. Thi^ 
essentially^ the ^atract nature of matii- 
ematica and the difficulties which arise 
in absorbing abstract concepts. Also^ the 

it 
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language used has to be precise, consis- 

tentr and unambi^duSy if 

ideas are toJ^ e^lered and deiieribed eiE^ 

fectively^ And for dialog to bec^ 

sible, tbe cbild must be equipped m& a 

basic repertoire of linguistic concepts and 

stnicttlres. (p. 52) 

Moms* statement underecores tbe importance of 
teaching the "special" lanjguage skills required for 
mathematics leatiiing. Mastering "mathematics 
language": skflla is: essential for all^tudentSy bul it is 
pailiculiurly oucia^ stodents learning ma^ematics 
in English as a second language (ESL). Thia chapter 
discusses the int^ation of maUiematics and language 
skills m two j^ontexts: (a) incoi^orating 
content into ESL insi^ti^bn^ and^ ^) mcbi^bratmg 
English teaching strategies into mat^matics 
instruction. The foUowing topics will be addressed: 



• JBhe nature of the language use^ 

including some of the ieatures that may be problemaSc 

for LEP students; 



?_i brief bvei^iew of tJie rbie language the 
context of teaching ahdjearnmg mathematics, wi^ 
special emphasis on learning mathematics through a 
second language; and 



^ auggestions &r practi^l Ms^ctibnal steate^es^ and 
actiinties for promoting matheniatica and En^ish 
lan^age skills development with LEP students in both 
the ESL and the mathematics classroom. 



The Language Mathematios 

^^at is meant by ^e language of mathematics? 
How is it diSirent from tihe language used fbr everyday 
cbmmumcatien^ tasks? The Ei^^^ language 
represente iLuniverse^^ skills^ aiid certe^^ 

areas of language are used for specihc purposes. 
Natural language^ the language used in evei^day 



is 
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ebmmmacatibn^ is (me of ^e^dmpbnehts or "sub&ets" 
of tfiis univerM^^ to diBCuss 

computer technplo^ or that used for scientific topics 
are two dl^er subsets. Linguistically, these subsets of 

lahptage are r^ired to A ^ 

3^e ia^uage register for maj^emat^ is composed 
of meanings appropriate to the communication of 
mathematical ideas together with the term^ or 
yocabulaty used in expfess^g : these ideas and the 
structures or aentences in which.these tern 
(Halliday^^ lB75h Like 6p:er j-egisters or styjfes 6f 
English, the mathematics register includes unique 
yocabulaiy, syntax (sentence structure)^ semantic 
properties (truth conditions)^ and discourse (text) 
features. 



Vocabulary 

MatheiMtics voc^^ includes words that are 
specific to mathecaatics, such as divisor, denominator^ 
quotient, and coefftcient. These words are new to most 
students. Hdwever,^^^^ also 
includes^ natural J^^age^ eve^rday.^^ that 
takes on a^ difierent meaning in mathematics* These 
words, such as equal, raiionnl, irmtionai, column, cuid 
table, must be relearned^ this time in a matiiematlcs 
cdnt^xt^ sinc^ they have a different meaning in 
mathematicfi. _ _ _: 

In jiddition ta isola^^^ items, the 

mathematics register uses its special vocabulary to 
create complex strings of words or phrases. In these 
phrasgs, often two or more ihaihem cbziccipts 
cbnflame^io firm ji he^ compounding the task 

of comprehending the words. The phrases, least 
common multiple, negative exponent, and even an 
apparently simple phrase Mich. a quarter of tM 
^p2ea^are^bb^ examples shbwihg the complexity of 
mathematical terms. 

A subtler and much more difficult aspect of 
mathematics ydcabulai^^ the tnaiiy ways in 

which the sanle mathiniatics _ bperatibn can be 
s^ided.^y^ students process pirough the hierarchy 
of mathematics skills, manipulation of this vocabulary 
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tecomes crucial for understanding the teacfief's 
explanations in class and for solving word problems. 
Crandall^ Dale, Rhodes, and Spanos (1985) have 
identified groups of lexical itemszin beginnirig algebra 
that indicate certain operatioiis. J^or examp^ students 
^tst knbw that addition can be signaled by any of Siese 
words: 

add and 
plus sum 
combine increased by 



Similarly, subtraction can be signaled by these words: 

subti^ct from minus 
decreased by differ 
jess - - ----- tessjhan 

take away {aJ^^t^t^&^i&f'^rn 
corrmon^ used by t^Men) 

It is important to remember that when talking about 
the vocabulazy of the mathematics language register (or 
any register)^ the meaning^ of the teima are related to 
the context in : which^ they^_are use^^ it ia not 

enou^ for students to learn lists of words. They must 
learn what they mean in a particular mathematical 
expression. For ^xample^ students are taught early in 
their inathematic8--e^c^^ ^oi^ by signals 

multiplicatibh^ exp^ssioh-^ ma^i^ by 16. 

However, they later encounter algebraic egressions 
such as a number increased by 10 and ^discover 
(sometimes the hard wayB that by in tins case is part of 
an _ expression that signals addition; In Sct^ 
prepositions in general and the relationships they 
indicate are critical lexical items in the mathematics 
register that can cause a great deal of conftision, 
^oi3i& eywoi^^ £^ as opposed to divided into 

(Grandall^Bale, JRhodes, 

in addition to worda and phrases paiticular to the 
mathematics register, some examples of which have 
been given ^ there is also the Mt of mathem^ 
symbols Us^ in 

processes; These items are automatically associated 
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with the - s^bblic - language^ ^f ma^ is 
gjncnhols that st^d fq^^ a particular mejuaing in 
matfaematicSi they can be thought of ait mathematics 
vocalnliary. 1%e^^^ fbr operatioM (adding^ 

dividing, _etc.j are yie moat common^ knowh^ As 
studeoi^ move tl^ugh ma^ema^ cimiaBi]^ 
the number of symbols used increases^ and their 
meanii^s faRBCome more conceptually dense. Students 
must learn to : relal^ symbols iUc^^ and 
p^^theses^^d J^a^e^: to mathematic&jron of 
prooBSses (usually_ themselves cou^ed in mathematics 
language) and then translate these into eve^day 
lajpL^age m oHer to express the mathematical ideas 
embedded mth^s^j^^ ___ __ __„ = __ _„ „ 

It is imp orta nt to^ Mmember^ when discussing 
mathematical symbols that some i^nnbols play dififerent 
roles in different countries, in a number of countriesi 
for ez^ample, ja dcomina is used to aeparate whole 
nmnbefS- fiqm_deci^ fiinction the 

deomal point m l£e ^^i1^ States, while t£e decimal 
point ia used as the comma is in the United States, to 
iepafate hundreds from thousandsi hundred 
thousands from millibxis, aiid so oh. 



Syntax 

^ -^e^mathematic^ Um^age^fegistef 
re^sters do, speciaL s^tac^c structures and special 
styles of presentation. Knight and Hari^s (1977) point 
out that since mathe is a study of rektionships^ 
o^Apu^tue stru^ ax^ 111 essential and recuzring 
part of "mathematics language^^ are difiScufi 

structtures for many students to master. The following 
are some examples: 



gre^ than/ as in all numbers greater than 4 
less than 



n times as much as in 



Hilda earns six times ^ much I do. 
Hilda earns $40,060. Row much do I 
earn? 
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Ulan 



;in MigueL is three years older than 
Frank. Frank is 2S, How bkJ is Wendy? 



Mtmro (i97&) dtes a number of other frequently used 
Stmctwres in mathematics tJiat are also potentially 
co:^Bmf, ^Qiey^ incite Lt&e^&^^^ witB 
examples taken from Crandall, Dale, Rhodes, and 
^anos (1985): 



nurribers used^ hbuns as in Twen^ » five times a oertsun 
(rather thari adjectives) number. What b the number? 

prepdsitibhs ds in eight divided by four and 

eight irtofour 

as in Wo fnUltplml 2y i^'^ timm 
(hfiultiplicatjdh) and 
X exc^s two 2^ seven 

passive votoe as in ten ^) dMi^ tytm>. 

or. as in xis deSned to be equal to zero. 

or. as In When ^5 isJU^<^(i to a number. 

the result is 21 . Rhd the humber. 

One of the principal characteristics of the syntax 
used in a mathematical expresslo^^^ is the lack of 
brie-to-one coirespii^^ between ^tatEematical 
symbblr and tiKe words teey represent; For example, U 
the expression eight divided by 2 is translated 
word^or-woru m the order in which it is smtteSi the 
resulting Jnathematical expression 8^ be 
mcbr^ct. ^e co^c^t exprass^ 2^8. Similarly^ to 
correctly translate the expression, the square of the 
qmtieru pf a and students must know that tiie first 
part of the exprisjidn^^A^ sgu^ ^ is translated last 

tiiat^e phrasa^st^^og quoiusjU raquires^e 
use of paren^eses to signal the squaring of Uie entire 
quotient. The correct mathematical expression in tiiis 
casfris Ca/b)^, ^ : 
_ Thiis^ Jack: one^^ poses 
considerable difficulty for students, particularly LEP 
students^ who tend to read and write mathematical 
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lexxteiices Cpreaented iei&e^^ in^ s^mibbls or in words or 
ho&) m t&a s^ne manner _m w tfiey read and write 
standard orthography (Kessler, ^inn, & Hayes, 1985). 
Understanding that there is no one-to-one correspon- 
dence bgtw^^ their English 
^anslations ari 
attempM^ to m^e-j^o^res8_^ou^ the hiei^ 
mathematical concepts. In their work with LEP high 
school and college students in basic algebra classes^ 
Crandallr Dale^ ^odes^ and Spanos (1985) have docu- 
mBi^A j^eew^ra transJations of the Jan- 
^age of wozd problems into solni^on eqnaUons. 
found that students tend to duplirate the surface syntax 
of the problem statements in their algebraic restate- 
ments,: For example^ bfteii mcbrrectly trans- 
lated the^entence, 7%e number JBL is fivie tess th 
number h as a ^ 5 - b, when the correct translation 
should be: a = 6 - 5. 

Another m s^tax of the 

lahguage^^ bfjnathematic^ its fi^ipeht use of logical 
cbnnecton. Sawe's (1983) st^y of LEP students showed 
that the correct use of logical connectore was the one 
factor that difTer^ntiated those students who could 
reason mathematically English fifOBH thbsfc who 
could Jibt; The re&iflfe were consistent for both LEP and 
natnre^njpish speakere; ^ 

Logical connectors are one linguistic device 
mathematics texts use to develop and link abstract ideas 
and concepts. Some of these cbhheatbrs 
then, if arUi dhly ifybecd^ for exd?npl€y Su^^^^ 

thatj^ut^cor^equentlyy and either ... or. As Kessler, 
Quinn, and Hayes (1985) point out: 

LbglcM ebhhectb^ are words or phrases 
whi^ cii^ qut ffie fun^ion brmarfih^a 
logical relationship between two or more 
basic linguistic structures. Primarily^ 
logical cbnnectbrs Mrve a semantic^ cb- 
hMive function indicating^he nature of 
tJie relationship between parts of a text. 

(p. 14) 



When students read mathematics texts, they must 
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be able to recognize logical connectors and the 
situations in wbicli they appear^ They must know 
which situatibrt is^ sipialedrrrsimilan 
cause and effect or reason and result, chrondlogiqil or 
logical jie^uence (Celce-Murcia & Larsen- Freeman, 
1983^ On tiie le^^ tttey have to know where 

logical cbnnectQr& appear in i sentence (at the 
beginning, middle, or end of a <3ause)^ jm^tiiey must be 
aware that some connectors can appear in only one 
position^ while others can appear in two or all three 
positional and tihat change in position can signal a 
cTiai^e fir meaning. : ^ : _ _ : : 

Examples abound in algebra texta of log 
connectpra used in definitions and to characterize 
propezties^-cdncepts that students must understand 
an^apply in order ba solve algebraic probleins.^^T^ 
connecters^ most often appear in complex statements 
using both words and sjrmbols, as in the following 
examples: 



Hi a beginning jalgebra text, the Axiom of 
Opposiies is stated as: 

For every real number a there is a imique real 
number -a, such that 



a + (-a) s 0 and (-a) + a = 6. 

The text then offers the following elaboration of 
the axiom: 



1. If a is a positive number, then -a is a negative 
number; if a is a negative number^ then -a is a 
positive number; if a is 0^ then *a is 0. 

2. T^ie opposite of -a is d; tiiat is, - f-oi = d. ^ 

(Dolciani & Wooton, 1970, p. 77) 

It is not hard ti imagine native^^^ 
studenta Jfeaving difficulty pieahg^logeth^^ logical 
statements in d^s sectionuof te^ LEP students 

might have even more difficulty with it. 

This complex example is taken from a level of 

t g4 
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This complex ixample ift taken^ level of 

ma^ematiea that most studen^ generally do not face 
un^^hey are at least in junior EigEi school. It is 
important to note that LEP studentsV ability t 
mampukte loifical connectQrs appears to Jb^ tied iii^ 
de^loptnentiQ iiqUen^^ It isiv^ ^ssS^^t younger 
LEP atudeiita categories^ hava more problems with 
Ibgi^ connectors t£an older students (Piagetrl926; 
IHtch, 1984, aa quoted in Kessler^ Qumn^ & Hayes, 
1985). Younger students: pf^n sem 
of 1g^(^ conned su^ as re^tiivegr simple word 
problexns^ Some jstudehta may^ for examjple, have 
conisiderable di^cultf solving the following problem 
stated using a hypothetical situation signaled by if: 

If FiSiik can type how 
much time it t^e him to type two pages? 

However, the same students may be able to solve the 
problem when it is stated using a declarative sentence, 
as in: 



Frank types one page in 20 minutes. How much 
time does it take him to type two pages? 



Semantics 

The preceding disjtmsssioja shi)W8^ t^ 
miuiipulatijig tJie spe^^ phrases and 

tile wiid order foui^^ language" is 

atricately tied to students* abfli^ to infer the corf ect 
mathematical meaning from title language. Making 
inferences in "mathe^ lan^age^' bftin depends 
OIL 1^ language us^^ of how reference is 

mdicated. hi aljiebra, for ezamplej, the correct solution 
of a word problem ofib&n hinges m the ability to identify 
key words and to detormine the_^ther worda in the 
problem to which the Jcey wbrdi are linked (i.e., 
^bwmg how determine the referents of key words). 
I^blems involving the number, a number, and the like 
requk^e sudi inferencing. _F^^ example: 

Five times a number is two more ^ah ten times 

25 
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To solve tfiis proHem, students 331^^ d 
number and the number refer to tlie same quantity. 

The sum of two numbers is 77. If the first 
number is 10 times the other, fiiid the liiimbef. 

In this jproblem, students^ must know that they are 
dealing with two numbers. Further, they must know 
ttiatthe wayjreference is used in the problem links each 
number with information about it^ so that ifee 
number and the information given about it refere to one 
of those numbers; and the other refBrs to the second of 
the twjs ntunbers, jAe^numier whose value the pr<rt)lem 
asks tiie stedent to Imi Finally,: students 
pat the translation frqm^t^^^ problem mte 

the symbolic representation of the solution equation will 
be based on x^nly one variable and thjEit each of the two 
numbera wUlbe expressed in terms of that one viuiable.L 
Givec^aH teis, tiie cbiT translation and solution of 
this problem would be: 

Phrase ^^mbolicTranslatioii 

first number ^ IQc 
second number x 
sum 77 

Therefore, on the basis of ihfdrmatidn from the 
problem: 

llr = 77 and 

jc = 7 

A common mistake is for to wiT^e s^^^ 

equations with two df^rent variables. Not surprisingly, 
because they see no relationship between the two 
equa^tidns, they Miind^ 5dlve the prdMem.^ _ 

T'hese examples point out another referenc feature 
of the language of mathematics, specifically to the 
language of algebra: the referents of variables. 
Identi^iig variables* referents is essential to cdrrectly 
translating the words of a prdblem into the symbdls of 

26 
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itis_ solution ^quati^ Vanables stand for 

the number of persons or things, nof the persons or 
things themselves. The following classic word problem 
illustrates this point: 



There are Sve times as many students as 
professors in the mathematics depart- 
ment. Write an equation that represents 
this statement. 

Many jtudehts t^i^ 
Ss ^p, which follows the literal word order of the 
natural language sentence and uses $ to Represent 
"Jtudehts" and p_ te represent "professors^" Hie cdirect 
equaitiqn is §p which can be detemihed only if 
students know that the variable s (or any other variable 
they choose tp^ use) must represent the n urn 
students and thiit the^vlriable p jmxst ±epreseM the 
number of professors. This J^d of "reversaLeCTw'^ has 
been the subject of investigation by a number of 
researchers interested m tiie language of mathematics^ 
including Clement jC1981) and zMestre^ Gerace^ & 
Lockhead (1982)^ Firsching tl 985) poi^ but that 
recunSig revf^^fl cjrro^^^ result &bm students' 
previous repeated exposure in "beginning"-level 
mathematics to word problems that feature a one-to-one 
correspondence between words and symbol. 
E^tlrienced mth word problems, they^ incMrcctly 
expect ihat all problems can be solved in the same 
manner. 



Discourse Features 

On a level above vocabulary and syntax^ known in 
linguistics as the rflscaur^e levels m 
language also hM disfm Loosely 
de^ed^jmatfcematics dis^ the "chunks" 

of language-^sentences or groups of sentences or 
paragraphs— that function together as texluat units, 
each with a ^specific meanings a^ in 
mathematicSi^The^ definition if the^ communicative 
prbperijyj)f addttio^^ ^e^^lahaSoh of t^is proper^ 
in a mathematics textbook are examples of 
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mathematics discourse or "texts." Any word problem is 
an example of a specialized type of mathematics 
discourei or text, : : ^ i 

-_ ^iljof tiie-leacal^ sy^actic,^ fmd semanticJ^atu^s of 
"matfiematica language'^^iscussed^ ^earlier can fie 
considered discourse features of a mathematics text 
But instead of looking at isolated features from the 
3t>ottom upi" (Kscburse views how all the distinctive 
features of a mathematics text wor^ 'iop 
down" to Term a cohesive, coh^^^^ that 
communicates a particular mathematics meaning. 
This mearung is expressed not as a result of the simple 
sum of all of its lexical, syfiLtM^ 
features but rather jw^ some^ dSove^and beyond 
tibese ieaturec^ To uhd of ma^ematical 

discourse, students must not only be prof!c;3nt in 
"mathematics language^" but they must also have a 
backj^dund in mathema^^ order to cdiistrtict the 
context iieeded to process cdgnitively^ _^^ 
inj^mation. At the discom*^^ level; the integration of 
language and mathematics skills is essential for total 
comprehension. 

^ Mathematics dilicdursei,: especially written 
diso^wse, presents x^bhsiderable d3^ 
students, native English speakers as well as L£P 
students. Unlike natural language^ mathematics texts 
lack redundancy or paraphrase. Bye (1975): has 
enumerated a oumber of additional characteristics of 
mathematical discourse found in the language of 
mathematics textbooks; According to his analysis, 
written mathematics texts: 



• are cbhceptually pa^ed; 

• have high density; 

• require up-and-down as well as left-to-right eye 
movements; : 

• require ai^ading rate^ adjusting 

be read moreildwly^^an hatu^ language texts; 
^ require multiple readings; 

• use numerous symbolic devices such as charts and 
graphs; and 

• contain a great deal of technical language with 
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• contain a freat detl of technical language with 
precise meaning. 



l^ese limgaage Natives, whc^ comJ^ined with tibe 
mathematicB content of the written tezt» require the 
itudent fipply inathematics concepts prQcedures^ 
a^ applications they liavei already ^ l^inied. CStnd^ts 
mt&4^e£^ ma^Eemati^ bac^^imd as wel^ as poor 
language sBlls are doubly handicapped here.) The 
student must also recognize which previously learned 
mathematlei concepts, p_r^^ or applications 

must be app&d^ to^e t€»ct ^t hl^ 
student must hav^ had ^nou^ exj)enenc€^^ with 
matiiematics texts to know when eveiyday background 
knowledge, should be^ aj)plied to the reading 
comprehensiiHi:: prc^^ and jrhen it Jiust be 
^tspended; F^slly, t^^atudent must be familar with 
(have hadi e^erience with) the processes involved in 
mai^ematical Uiinking. 

MathematicM woj^^ problems provide sbine of the 
more cogent example^ or mathematics^ discourse 
features at woi^, along with illustrations lof the 
di^cuities these features present to LEP students, who 
are for the most pail uS^miliar with mathematics 
(Hscb^se m En^iisk C^^abmetimea^ 

Kessler^ Qiunn^ and Jlay esuCl 9S5) oSer the example 
of the following word problem, which many of their 
8ecdnd<^ade LEjP students could not solve correctly: 



Sue has 32 cards; She gave Jim 15 cards; How 
many cards does Sue have? 

The authors report that^aziy atudents responded 
with 15 i^hef than 17. They theorize that these 
students may not have been familiar with the 
representative ^ of word problems^ 1^ which they 
wbuM^^ve peimved that having 32 cards and giving 15 
of t^m away repres^t^ or jsetas^up a ma^tematics 
situation, not the J&e^^nnin^^ a najrratiye pr story. 

It coidd be argued that the language of this problem 
is unclear aild ambij^bus. Soph prbblem^ 
so^rjLhave learned hb^tb deal mth such ambiguity 
because tiBiey know that i£e function of tiie language of 

29 ^ 



ERIC 



IntfgrBflng I^mguage wd Mafhematirs 23 



word^ problems 18 to direct them toward a mathematicaj 

sol^utioiL They suspend the natural tendency ti^ demand 

detaUs that tliey Jnight noniial^^ 

nairative texts. Gbnsider the following problem, for 

example: 

Food expenses take 2&% bfzlJie^ 

income. A &mily makes $769 a month. How 

mu^ is spent on food? 



Students who can solve this pr^lem g^^ 
not b(^ex^ the dbeanot specif 

directJy i^^t^t is^i^ s^^diqr, ^t is, the 
amount per ^^^^ amount per year? Since one 

time reference occurs in the problem^a mpnth— 
students who know how wbixL ptdbleins w^ ii^ei^ l^at 
they must fixl^ thaJ^ mont^. Students 

wl^ lore not prbfic^ot in ihe^ huaguage of word problems 
probably would demand a pu*aphrase or rep^M^ition of 
the time reference to dari^ the proMem queatibiL It is 
clear that LEP jltudenta^ often M;^^ readei^ at the 
early stagea tif tiieir E^iis&^de^^ would have 

grave difficulties with word problem texts such as this 
one. * 

It appears that good pisblemrablv^ 
dents i^b^n jiscov^-^e^dxsobinrse^ oTword 
ptblems pat provide them witi§L both a real-world con- 
text and a mathematics context in wi^ch tb apprba^ 
the problem. FuilJij^^ and Hayes (I9S5) 

point but that |^fident_pro^ 

language for ^U3k^ in a real world context*' 

(p. 18). Students need to acquire the skills to integrate 
complex linguistic and matibiem processes in br- 
der to be good prbblem-sblv^. 

TPie Role of Language Learning 
in Mathematics 

The previous section lists^ by no means exhaus- 
tively^ tjie Unj^stic i^ and langimge sidils jrequ^ 
fbr matiiematiccLle^m^^^^ 

or register of mathematics is the first step toward de- 
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sMdenU that integ^^ language and mathematics. The 
ne^ Bti^ muat beM prbvid^^ broad framework per- 
Bpecttve fi^m w£3<&^ hbw^^nguage m general 

and mathematicB language in particular relates to 
mathematics learning. 



language Pmfie^^ ^ 
and Mathematics Achievement 

Results from extensive researeh with mdhblinj^^ 
English speakers point to a close relationship between 
lingua^ proficient and matliematics achi^ 
Resea^ reviews by ifflcen (1971)^ G^^ and 
SuycU^m (1982> re^al hi^ pqsitiw jcoirda^^s^tw^ 
(English) reading ability and mathematics achieve* 
ment. 

1 1 JlMearch^nth sta^ mathematics ia 

ES^is limited. However^^ ivailable 
shows similar positive congelations between lang^ 
skills and mathematics achievement. Cossio (1978) 
found a positi^ mathematics 
a(^evigmi»it i^ second Duran (1980) 

alsa ioundLa strong positive cbn^lsHbion beti^een the 
reading comprehension scores of Puerto Ificra coU 
students and 4^eir performanee on deductive reasonhig 
problems in English ^ a^^^ Spanijhj^^th a similar 
pittei^fiut^ b^lh li^ 0.984) haa^howti 

that j^n^utge i^ a factor bbt£ in t£e leaniihg and the 
assessment of mathematicEf. ^ ^ - 

Although the exact relationship between language 
and mathematics it not cdearly undereto results of 
available reseat c^ftafely piain^ toward close interac- 
Son. On one level, it cofld^ said ffiat 
languai^ in which mathematics is taught, pe^cxilarly 
reading proficiency^ iS: a prerequisite for mathematics 
achiev^mei^ The reading of mathematicJ texts and tiie 
sqhring of mal^ematxcs- w^ ^re^lems obviously 
pends on a jprerequiiiite language proficiency; The 
student must be able to read the text in order to 
underitand thiz matkematics concept or process 
expressed in It^ By the Eame teken, a studen^^ be 
able to first read a word ^bbl^ heBre^ttempting 
solve it. However, being able to read the text or the 

- SI 
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problem does not guarantee understanding of tHe 
concept or proeeifl or being able to solw the pit)blem. 

Early reseiu*^^ by Macnamaia B966^ 
this hypothesis 6u^ In Ms itudi En^h-Irish bi* 
lingual students, Maaicmwra found that students had 
greater difficult solving word problema in Irish their 
we^er^ (second)- language, thazi itt Engli^h^ „ their 
sponger (firet)J^g^^^^ wheithey kne^LaU the 
words and structurea of the problems. Hacncm^ 
h^othesizM that his sul^ects ladced what he called a 
"good jrasp- of the weaker Iwiguage. When <:losely 
^sodned, Ma(mam^^^ aincept of "grasp" of the lan- 
guage appears to encompass^^e abiH^ to use language 
to interpret the jproblem-solving task. 

At ttiis jsmcture^^^^^^ knowledge of and ex- 

peri^c^wi&the mathematics eonc^pte Juid processes 
becomes critScat It is veiy ISely^ ^t^ese fa^K wiU 
ultimately success in mathematics. In p^icr 

ular^ the altdlil^ to think mathematically appears to be 
the csrueial Jleineiit m It 
may be at this cbgmtlve and meMco that 
language and mathematics are most intricately related. 



Mathematical Thinking 

_^ssler^ Quii^ aSd Ha^s it985) pr^^ 
argument ^at the^ role of ma^eniatfilal :^iz^^ and 
metacognition must be considered v^en discussing^ the 
mathematics performance of LEP students. These 
authors disi^uss Buitdn's model (1984) of mathem^ 
learning, whiclr my&ves hot only &e wj^itiYe tasks of 
carrying out particular operatbnSy prbcesses^^^ and 
dynamics connected witibi the study of mathematics, but 
also a special s^le of thinking that is different &pm the 
body of kiidwl^^e Ce^teht lemd techniques) traditionally 
identified as mathmatics. This style of ihii&ing in- 
volves metacognition, wHch Gsjro^lo cuad Lester (ISBS) 
define as ''choosing and planning what to do and 
mdnitenn^ wl^ isJbeinj done"z(p. 164i Metacqg^^ 

as Kessler^^uinn,^ an4 Hayes tt9S5) point out^ 
refers to '*both awareness (^ 3iin^^ of 
thinJcing. In mathematics (as in all learning), bot& of 
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these factors affect the outcome of cognitive activities" 
(p. 3). ^ ^ ^ z _ 

Affective factors are also involved mjjfie process of 
ma^matical i^i^dng; Sto mathematical think- 
mg^d metecognition must be driven a curiosity and 
a willingness to investigate the u^toown^ 
must alsa be patient and pJnijstei^ T^ese ^uaHtie^^ to- 
gether ^i^th^^iowiedfe of mathematics Concepts, oper- 
ation^ and processes, no doubt all contribute to success 
in mathematics. 

Learning Mathematics 
Through a Second Language 

In school^ students must use la^^age, vmtt^n ind 
spoken, ta igcpjf and te demonstrate 
l&eir understanding jtnd mastery of academic tasks. 
Simply put, language is the vehicle of learning and 
instrajction. As Cummins (1981) has thecrized^ the 
language used fbr academic tasM is qmte different 
from the language used ferj basic, icommunicati^^^ 
Guinmini' '^asid interpei^onaL cbmmtmicatioh skills" 
(BaCS) jrefer to a proficiency the context-embedded 
language found in face-to-face conversation^ where 
spesdcers rely strongly on extralinguistic and situation- 
al cues fcs": meaning* 

Gfignitive academic language^ proficiency (CALP), 
on ihe d^r hand^ re!ers_ to a proficient in the con- 
text-reduced language related to cognitive tasks. With 
CALP, meaning is inferred essehtially^ 
guistic or Uterac^-related features of J^e spoken or wnt- 
teh text^ The meanmg^ more depend- 
mg oj^the level erf' -cognifi^^ 1^ the 

academic task being e^ressed through tiie language. 

Cummins argues that CAL^^ cross-linpial, that 
is, students can acquis CAHV part of what he calls "a 
conimoitzunde^j^ via any language as 

Ibnf as tliey have reached a certain level or "tla-eshold" 
of proficiency in the language, O^nce a^^^^ 
can be accessed and used ma any langua^^ agaiii once 
the threshold level of proficiency in t£e language has 
been reached. 
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The concept of threshold in Ciunmins* model may 
have important implications for LEP students faced 
with ^e task of learning mathematics 
academic sx^jects^If BEP students a&^ad^pbssesa a 
threshold proficiency m CALP (m ma^CTtiatics^ ior 
example, learned through their firat language), they 
haye a basis on which to develop CALP for maUiematics 
^ou^ their second language. Hence their c^anl^es to 
succeed m aca tasks^ m this ^ase ma^emaMcs 
tasks, are enhanced^ ^ven enough time and motivation 
to leam^eir second lans^ 

Hawevef^ it mayjig the:CMe that LEP students who 
h^ie l^^ iar no J^£P m ^eir Srsl language wiU have 
considerable dpBozlty developicqg CiQBP ^^ugE ^eif 
second language. Although it is not explicitly stated by 
Cummins, itheir difficulties may hav^ to do not only 
with learning secdi^^ language skills but also with 
learning ±h^ jcojP^ content expMssed 

throu^ pte second language; Thus the threshold that 
LEP students must r^ach is both a certain minimal 
level of language skiUs 1^ a certain minimal knowl- 
edge of the academic are . : : 

Bawe*8 work (1983^ 198il wife bHrnpial students m 
mathematical reasoning appears to agree with re- 
search conducted b^ Mestre, Gerace, and Lockhead 
(1982} with Hispanic engineen^ students m college 
^g^rA CQurse& Th^ r^od ^atJIispah- 

ic stiidents were much more likely^xah honminbnty 
students to mislrteipret word problems in English and 
that slower reading speed and comprekension contrib^ 
uted significantly to a greater number of pit^ not 
being JMinpleted (and consequently "m^ in the 

word problem tMte Mesibre (1 984) 

recommends that problem-solving instruction for His- 
panics (and ptiier LEP students) should therefore in- 
clude extensive practice emphasizing speed arid accu- 
^tc^ uij^ans^^ language^ wdid problemainto 

inat^cutnatical notation. He argues that LEP students 
who are given a chance to grapple with preblems that 
demimd a)n8ider^ precessing wou^^ learn 

how tb: get ihfoiinatibh from a problem and set it up 
cdrrectly.^^^^ ^ ^ ^ .^^^ ^ ^ 

In simimary, the role of language in learning is not 

. 34 



28 Ea^eNTENT-AREAINSlllUC^ 



y^t olear^ although it is likely tiiat its role is crucial in 
the following ways. 

^Ljl- There appears to^ be a high correlMion between 
reading skills and ffiatiiematics achievementj parti^ 
larly when j^e MskiL^invoIve^^admg texts or solving 
woMLprnKem^ evidence appears 

to in^ate^at this correlation may even stronger for 
LEP students performing tasks in ESL. 



2. X)n a **deeper" Jfevel^ as a medi- 
ator for matiiematical thinking and metacognition. 
S^etiEier the thinking defi^ the language or the lan- 
guage defines the tlunking x^main^ be Jtnswered. 
Probably both occur^llie import^^bmt is that math- 
ematical tlnx^ig^me£ processes, is 
a prerequisite for mathematics achievement 

3. LEP students who xnusJL iMm 

through their second 1^^ reach a minimal 

level tGui^insV threshold) of proficiency in the cogni- 
tive, ac^emic skills required of matiiematics and in 
the language skills used to express the mathematical 
skills. 



4; The language used in mathematics is intricately 
comiected to the mathematical concepts^ prpcesses^ and 
applications it expresses. ThlSfore, mathematics^ in- 
struction^ pafticularly for LEP^tudenls learmhg in 
their second language, should mte^ate mathematics 
and language skills. 

t^arning a Secdn^^ 
Through Mathematies 

^^o^erjtspert €i ffie relationship between lan^age 
and mati^ematics is critical for LEP students. Math- 
ematics instruction for LEP students caitbe a source of 
opporhmities to acquire aiid leam English, their second 
language^ I^ OJttter w^ mathematics can be a 
laiiguage-learning experience in both the mathematics 
fiotd &e ESL class. 
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Recent researcb and j)ra($ical es3>erience JtppMr^^^^ 
suggest that tJ^e foiins^ &netibn8^ itnd \iaes of language 
^rUbebc^st acq wed and learned in context. Second 
lanj^age acquisition thepiy, notably that of Krashen 
(1982)^ points to the importance of a>ntext to provide lan- 
guage experiences^ OT "inp^ that students c^ cbm^ 
prelL<»id^ It aeems^bv^^ ^t f&eianguage^f^t jtu^ 
dei^ ne^ most m school m come ^m experiences 
from t^eur acadendc Bul^'ect coiirses. 

Traditionally^ mathematics has not been <>ne of the 
sul^ect Jmiai edu^ idz^provide Jecbnd I^^age 

e^erieneeA^imd pr^^ceior ^Rstude^^Itis pbs^^ 
t&t^ tiSe jnj^h ^at mat£iematics requires minimal 
language proficiencgr may have kept mathematics from 
being :a Ic^cal ehoice as the aMdemic content base of 
second language ac^v^ many 
lan^a^ tead^ers &el impre^^ and reluctant to get 
mvblved wit^ any topic related to mathematics has also 
affected the "popularity" of choosing mathematics 
content. : 

: It is essintiat Jibwe^^ that the classrbbm en- 
wrbnmenfc in^ which ESL ia taught through math- 
ematics c(mtent be carefully structured so that second 
language acquisition can occur. For both the ESL and 
the mathematics, dalsrbbm^ this means that in- 
stnictlbnal activities shbtQd prombi^ second 
development through a natural, subconscious process 
in which the focus is not on language per se but on 
communicaUng the concepts^ processes^ and applica- 
tions! of math@natics. 1 
MbMh (1986) Jibints out t^ 
envuronment l£at promotes second (and first) language 
dievelopment must be carefully structured to provide 
students with a range of opportunities to cammunicate 
8ul^*ect matter^ His general framework for teaching 
iMi^ge^fflid oa^nt sj^^ ESE activities based 

<m nmj£emati^^ use of graphics, manip- 

ulatives, and other hands-on concrete e^xperiences that 
darifp jmd reibfbr^ in mathematics cbm- 

miinicated tl^u^ lax^age* ^ 
_ - Itis not enou^^ howwer,^ to include instructional 
activities that provide linguistic and nonlinguistic en- 
forcement for conmiunicating mathematical ideas. As 
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witii any instrucUon, tia^^ nxdriitor 
tHe& jstudenta &r ^ebmprfikension, ^fiidi may iequire 
spediQ-attentio^^ ma^ematics given t&e cognitive 
complexity of many mathematics tasks and the ten- 
dency for matibiematics to be a lilent^ individual activity 
tCazdei^ 1979). lechers therefore neecLto Jlrovide hdth 
quaHtjtinpnttaflored teJ^ l^girage imd mai£ema^ 
levete of t^ir students and ample opportunity for stu- 
dents to respond (i.e., tnihX again commensurate wit;h 
their level of limguage and rnatiie^^ 
Given tile cogzdtivje demands, of mathematics task^i^ 
teac^^^must j3so provide stodente extensive and 
^Kpenexwes in whidEi to apply the mathematical 
thinking tec£uiiques and the metacognitive behaviors 
(i.e.^ the self^indnitoring of mathematical processes) 
theyjsdll need to develop to be ii^thezxiati achievers 
: Whenever pbisible^ i^^uctibnaLs^ botfi 
^e ESL uid the mat^ classroom, should h« 

built on students' real-life experiences and prior ^owl- 
edge of mathematics bfi^r situations in which stu- 
dents ican internet i^th t^^ 
(bo&]^P andEnglish-apea^^ 

late both second language acquisition and learning. 
Wilson, De Avila, and Intili (1982) and De A>ila and 
I>uncan 09$$) have jh when liEP students are 

provided. witlL a jblassrbom enidrbnment j)fganized 
aroLund interactive a^ they can acquire both 

mathematics and English simultaneously. De Avila's 
program provides handji-on expenments that f^^ 
mtical thinking skills for mathematics ahd Science. 
Because : the^ctivities natur^^ emphasize process, 
tfiey lend themselves well to promoting verbal interac- 
tion. Similar evidence for the simultaneous develop- 
ment of language and jnatheinatic^ cait be 
fi)und ill studlea by Kes^er an^ ^uinn (1980, ^954)^ 
l^uinn and Kessler (1984), and Rodriguez and Bethel 
(1983). 

AiBTective factors also play a (^cial role in the lan- 
guage acquisition j^rocess desm herei^ Many stur 
denta^not jnst^EP 8^^ deadejbf one reason or 
^o&er that i^ey "are not good^ in mathematics." For 
many LEP students fieiced with the formidable task of 
learning mathematics through a second language. 
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mathematics instructioxi can be doubly tfaAiinatia 
Matiiematics teac^ere Mii do m ie&ice tHe tean- 
ma 1^ giving LEP .atudenta oPP^^^^i^A^ expenenc^ 
aucce8a_fc matHematics through activities tiiey can 
^dersj^uxd. Positive experiences in matiiematics build 
on themselves and can consequently lower what 
I^ashen C1982) calls Me afSSive filter^^^^ iimgnage 
learning. The rea^ jEind them- 

seLveaJfemnmg ma&^^ at the aame time 
ffiey are acquiring language skills used 185th in Heveiy- 
day communication and in the academic setting of 
mathematicj. i - __zz z 

Jlesults Srom^ woi3c of Hayes and Bahruth (1985) 
^d Hayes, BahruQi, and i^sler (1985) bear this obser- 
vation out. These researchers report extraordinary 
progress in fifth-grade LEP students* Englishz readrng 
skiUs as a result of esrt^nslye es^me^ reading and 
wiitmg thek dwja maQiematics word problems. Both 
studies emphasize that students' success was due not 
only to exposure to great quantities of interesting and 
relevant lan^age inputs but al&o M t^ 
changes in attitude^ t^a^s^ooL learninjg^. 

iLsfcdiad^e e^ that ESL teachere can 

design jnati^ematics activitiea as simple as leaminj to 
read and write the names of nimibers in EhgH^ 
more complex w(^^ about how to solve 

word piSblems^If rach activ^^ are tailored to the lan- 
guage and matheniatica proficient of the students, 
they will have numerous oportunities to experience 
success in completing botji language and mathematics 
tasks^ and they will be able teiaso in a less threaten 
atmdaphere\ than the ma^ematics classroom, where 
&ey are often at a disadvantage both in language and iii 
raathematics. It is not iinrealistic to think that positive 
experiences (not to^ mexltion tiie matheinatics and lan- 
^age skills^ Jearned) in ma&ematics^ahguage activi- 
ties in ^^SLaettimg be carried over to the regular 
mathematics classroom. 



Instructidnai Strategies 

The background that teachere heed in order to devel- 
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^ strai^es aiid: aetmties ^ii^tegritte lah^age^d 
matEematics skillis LEP students gas 5een presented 
in t&e previous sections. In tMs section, suggestions Are 
^ven for the deyelopment of instructional activities. 
Two institictional settings I addressed: (a) the 

inatheinaties elassrbbm, and (b) the ESL elassrbbm. 



tanguage-Based Strategies 
for the Mathematies Giassroom 



llie matbeinatics jsUmeidim at any grade level is 

generally ^tmpdaed of fojff basic areas: concepts, cbm- 
putation, applications, and problem-solving. For the 
puzpose of illustrating the differences in language re- 
quirements that exist in these Jour basic mathematics 
areas, following are two short "lessons." 



LBSSon i: Statistfcs—Tfi& Concspt of Mean 



Teacher: We have on the board two iiste of numbers; let's 
say the numbers /epresents^ tests. Addlhi scores 
in the Hrst list or distribution,* after you have obtained a sum, 
divide the totaT by the number of scores in the list. Let's 
see, first what is the total? 



Student 1 : (Gtves the correct total.) 



Teacher: Now, vvhat is the result of the divisibri? 



Student 2: (Gfves the Gdrret^quotrent.) 



Teacher: Repeat the sarae^ the seebridiist or 

distribution. iAnswers are checkexi before proceedirfg,) 
Please tell me where in each distribution the fihal quotie^ 
is iocated. (Students iocate the quotient or 'Average' on 
the txiwd) 

Teacher; Give me a word or Bxprission that tells where this 
number is in the distribution of scores. 



Student 3: Middle. 

39 



Student 4: Geriter; 

Student 5: The other scores are around this answer. 

Teaeher: 1 si^ we pretty fliuch agre this result or 
quotient is somewhere in the "center* of each distribution. 
We call this number a "rneastire of eentral tendency," We 
know that Ihe calculations we did had to dp with the 
ayerage of each of the distributions. Can someone give me 
a definition of "average"?^!??© students give a number of 
pfausibie itefiMions,} \n this average has a 

special name. It is called the "mean." 



Lesson 2: Statisties—The Computation of Standard 
BevtaVon 



Teacher: f 7778 students ha\m pre\nousfy been pmsent^^ 
wtH ttis emceptpf stan^^ Now we are ready 

to learn the sets involved In the computation of the 
standard deviation of the distribution. 

First, subtraci the m earl of the distribution from each of the 
scares ih the distribution. 



Second, square each of these differences. 
Third, add these squares. 



Fourth, xlivide the sum of the squares by the number of 
scores in the distribution. 



Fifth, take the square root of this quotient. 

(Ttie students Mve followed each of ttie steps and have 
responded with answers to eadi as the teacher developed 
the aTgdrWm.) 

In analyzing these two sample Jessjons^ 
ics teachers can readily distiguish the mathematics 
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content: Lesson 1 deslB wit^L the development of a con- 
cepti in this casey the idea of arithmetic inea^ 
civets IJieipresexit^ the algoriUi^ to cb^ tiie 
st^dio^^^viation.^ pe l^goage demands of the 
two lessons, teachers can observe a fairly clear differ- 
ence in the "scripts" fbr each lesson. Generally^ Lesson 
i cj)ntauis a lJli]|er perceiit^ of natural language, 
while Xfeasoii 2 ^mphas^^^ vbcaBula]^ 
and Bj^ci^ea ^f ^e maternities regster. The nature 
of the mathematics content in each lesson defines t^e 
kind of language used to teach it. The int?x»ductidn of a 
concept reiiuirM the teacher to cdixm 
language familar id Ihe at^enta (i.e.^ trough natural 
language) to Jialitate comprehension. In the devel- 
opment of algorithmic procedures, the instructor as- 
sumes understandin concept and uses very 
"technical laiiguap" frbznjthe maj^ematica^^^ 
present tl^e^teps^ involved in the computation of the 
standard deviation. 

S^econd Language Approach 
to Matfiematics Skills (SLAMS) 

MfiihemaHcs teacheni ^h start i^th general ob- 
servations on the language content of mathematics 
tasks (such as the ones Just given) and from them 
develop^ an e^^ded ma^ematics^hgaage^a^ 
for LEIP Jtudents that, includes language^ component. 
Gueyas (1981^ 1984)^haa devt^^oped such ah appx^ac^^^ 
called Second Language Approach to Mathematics 
Skills (SLAMS)^ which incoipprates language dev^^^^ 
ment activities inte th£ "regi^ar" ma 
planned^ Jby_lea approach was initially de- 

veloped for ^de K t^ugh 12, but can be applied to any 
level of mathematics instruction. It is based t)n tht? 
asi^umptioii that in order for a: student toi mifiter the 
mathematics concepta p^esehte^ m ^ass^ ^e lanfuage 
of the cbncepta must be addi^^ mastered, i t is 

also assumed that by teaching the language together 
with the content^ understanding of the material will be 
facihtated (Cuevas^ Mann,^^ & M^^ 1985).: 

Tie apprbach^^ iMmpoaed of Jtwq s^^^ one fo- 
cusing on mathematics content and the other empha- 
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aizir^TelateiJanguage Tfie activities developed 

£or ea^ strand are Based on identified instructionai 
ol^'ectives !rom the mathematics curriculum. 



The Content Strand 



The content ^tra^ strategies fbr 

analysis and diagnosis of mathematics skills^ followed 
by preventive or prescriptive activities. Since this 
approach follows a "standard!! diagn^^ 
model for teaching, its components are deembed only 
briefly here. 

1. AnaiyBis of Concept jMiUs: This component deals 
with what needs to be taiight,^ i^^ j&e basic maffi- 
ematicjs concepts and iskSls detennined by the in- 
s^ctibnaL objecliv^^^ At this pointy t^e teacher may 
also wish to analyze prerequisite skills necessary for 
mastery of the ol:gectives. 

2v Sidghosisi This process encompasses assessment 
(firmal and infio^rmal) of the level of skills mastery 
luid/or the extent and nature of mathematic^^^ 
Diagnosis mtist involve data-collection acti^dties in 
which the teacher focuses on ppteras of behavio 

pi^^^B^^fe c Fsential for the instaructional de- 
dsuni^ made in the next, components of the diag- 
nostic-prescriptive process. As a restUt of the analy^ 
the instructional d^ective(s)^ t^e teai^er needs ±d ask: 
-1)068 tilie ^tudexU^ have the pxerequ&ite necessary 
for mafl4€ay of tiSe mathematics objectiveCs)?" For ex- 
»nple, before teaching how to apply the basic arith- 
metic operations to problem situations dealing mth 
money^ the teacher needs what degree the 

stud^ts have mastered tiSe operatioh(s) they are being 
asked to use. 

3. Preventive This ebmponent itddfesses 
the actmties desired td^review o^^ skills that 
are prerequisite to the mathematics olg'ectiveCs) being 
taught. 

4. Leaaon: Based on the student's strengths and 
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weakaeSses, the teajcher deyelpp instruMional activi- 
ties: desi^^ld teaeH seleeted^m^ or 
to develop certain 8^H^ In^cbns^cting^l^ese j^tivi- 
ties, care should be taken to select Som various ap- 
proaches sudi aB the use of manipulatives^ small-group 
wor^iniUvidual tasks, and tutorial sessions with other 
students as tutors. 



As is common in a diagnostic-prescriptive ap« 
proach^ an assessment is made of th level of student 
mastery of i^einathe^ (xlhtent presented, in class. 
ISe cycle_is^^en rapeated or o^ activities are de- 
signed if remediation is necessary. 



The language Stmnd 

Tlie limguage sfxand of the SLAMS model fbUows a 
path parallel to l^e content strand. The components of 
the liuiguage strand include: 

1. Anafysis of the Langimge Used: For this com- 
ponent, teadiera need to be aware that at least two lan- 
^ages are pnseht in the mathematics 
"ol^ectnre Ifimgua^j" jor mi^cmatics register, and na^ 
ural language. Vocabulary and otfier terms ffie tMcher 
feels ar^ import^tin the communication of ideas to the 
student muBt be idjntifie in a word 

prol>l^ Buc^as, "If Maita buys 3 peh^ ati$0A5 each, 
hbw^ muc^ change will ihe Te^eive from ^1.30?" stu- 
dents need to detennine which terms and what syn^ 
lactic and ^ther textual clues will indicate the correct 
sequence of operations. 

2^ Bmgndsis df ^nguage S^i22s: Oii J^iiasiB the 
language sldlls idenldfied in the first component, the 
teacher must answer the following questions: 



a. Does tite studeht r^^ the S3nnbbls/tenns 
that pertain to the skill? 

b. CaldL the student pronounce them? Write 
them? 
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c. Can tfie student define &e teims used? 



d. Is the student knoMed^eable of th^ 

used M that ideas and relationships are 
understood? 



3. Pnvmtiv^ Danguage St^ Many LEP stu- 
dents have received xnathematies iMtmc^cS fe^ffiei^ 
natlvaianguage j^d j^ proficient in mathemati^ 
register ofthat language. Preventive language activities 
could focus on: 



a. a reviewi of the^ m«rthematiM cdnte^ 
sented this time in the students* native 
language; 

b. stnictured ESL activities desij^e^ to ixio^ease 
the^ studeiits' level of competence m ffie Eng- 
lish-langmtge skills needed to master the 
mathematics content in English. 



_ _4;^iaan: JtestnicM^^ language activities for 
ma^ematics should involve listening cpmprehensipn^ 
verbal production^ and mding andTO^n^ 
guage features identified by the teadber^3%€^ dciit^iiiM 
muai be iheo^br^ an integral part of the 

mathematics content leswn. 

The mathematics/language approch of SLAMS bu^^ 
lined hei% it recommended mirth^mati^ teachers 
in ^enerali The jtppf dac^ framework for 

adap^g jt^^Ues^e teacher needs to develop to focus 
on ^ language needs of LEP students. As can be seen 
in Figure 1.1^ mathematics teach^ miist anal^e each 
mathematical task into mathematics^ 
skillfcJhstructibnal activities that ihtepate both Ends 
of sKais must then be devised for the prescriptive and 
evaluation phases of the approach. 
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I SCOPE AND SEQUENCE 




LANGUAGE USED 



DIAGNOSIS OF 
CbNtENT LANGUAGE 
SKILLS 



PREVENTIVE 
CONTENT LANGUAGE 



ANAISSISOF 
MATHEMAJICS 
SKILL 






DIAGNOSIS OF 


MATHEMATICS 
SKILLS 






PREVE 

smAT^ 

MATHEI 


•NTIVE 
lES FOR 




- - Figure 1 .1 .^Sieonil Language Approach 
to Mkthematlei Skliis (SLAMS) Instructional model. 
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English bahguage Skills for Basic Algebra 

^^^e^^elsj^^ited By SLAMS provides a general 
approa^ for integrating mathematics and language 
skills in tiie mathematics dasssrdom^JJsing ^is ap 
proaohj teachei^ can develop a sequence of language- 
based. math^a^(»4cti^tie8 for LEP students. (These 
are Qie matenals suggested for the prescriptive step of 
^e Si^MS m^eU One such set of materials (Gran- 
daU, forthcomu^^ms de^oped to a^^ LEP college 
students in basic alg^a. Ifie mapematics content and 
the langua^-based activaies steal from extensive re- 
seanch at^a number of postsecondaiy institutions M the 
Raited States in which Uiye aurora iihliivM basic 
gebra classeSi intendewedL EEP students and mathe- 
matira fact^ andi^vieircd mathematics textibooks and 
cumcula. 3te jresulfe^ materials are the collaborative 
csffbrt of language and mathematics specialists. The five 
units of activities include four units^Mdressmg ffi^ 
followis^ topics frm beginning jilgebntj (a) numerical 
and algebraic ^pi^ssidns^ ^) equations and inequali- 
ties, (c) word problems, and (d) definitions and theor- 
ems. The fifth unit is a glossaiy of basic algebraic 
terms. Examples appear as Figures 1.2 tiirbugh 1.5. 

TUTOR PAGE stubENT PAGE 



TUTOR: Read each Hebraic STUbEKfT: Laok at the a^ebrauc 

exprewioh^tojtt)Ur partner. expreRions below. Listen as 

'Tour partner will repeait yoor pqr reads the expressibh. 

Lfeterv to seejhat he or she R^at after your tutor or the 

repeats correctly. tape. 

Example: Example: 

Student sees: x+2 You see: 

You^af: "xplus two" You hear:^ "xplus two- 

Student repeats: "xplus two" You repeat: "xplus two- 

Figure 1.2. Working wAth numerical and algebraic 
expressloris. 

The first four umts af e o^ahized te st^ and 
reinforce traditional activities conducted in beginning 
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algebra^ aniraes^I3iey are de by stu- 
dents in pairSjE in a peer^tutonng approadt^^at enables 
studenis to tcdLe on f^e roles of tutor and tutee. In tbis 
wJiy^ students work g in tutormg sessions 
in ^e ma^ematics j^Iassrooin or i^^ centers. 
Since ffie matm^ ioK&w it prog^^^ to 
diffioilt for botJi matbematics a^d language pro 
c^^ they j^rovide students working in paire x)f small 
greupjl with numeim^ for the debate wd 
^scussibn that are_ erucial : ibr_ the de veldpmeiit of 
ma^emaS^ thinking. The in^ti^^ en^m^^ent 
thus created can offer students extensive "compr^ 
sible mathematics/language input/' Algebra teachers 
have^o:used the units with entire classes to introduce 
or reinforce topi^* 

STUDENT PAGE 



STObENtr-ln tee-iwqti^ionsihat 
fojiow^ certdnj^p^^ jeft oat, 
^ e)9i^2dlonsam gjyen-for 
thamli^iag^stopfi. Btt inihe - 
misslng^eps ia jbe-aquations 
by-readif^ the corresponding 
explanations. /Dien read your 
an^erotJtlotjd to yotjr tutor. 
Observe b)w the ^tiation is 
solved In the exarnple. 



Example: Solve 7a - 2 « 3a + 9 



Explanation for Steps 

7a - 2 « 3a + 9 The given problem. 

7a - 2 + (-3a) s 3a + 9 + (-3a) Add -3a to both sides to isolate 

the variable on brie side. 



TUTOR PAGE 



TUTOR:: Looic at the equations 
below* CertsOn iro left out 
and expianationa are gn^n for the 
rntesing^^ei^. jJs^ as joi^^ 
partner fiitejri ttiejmissi^jd^ 
in ^e equa^ne by reaodir^ tt» 
explanations. ChedcWs other 
an^pvej^ w4th the anderlined 
answers below. 



ngure 1^. Wbrtclhg wttfrequatlorif and Inequalities 

^ ^teou^ peer the ideal hawMWork tor 

these matemls^ t&ey^om ateb^fe stedenlamdir 
viduaUy^ with the "tutor" sections serving as answer 
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sheets and a ^e^ on studente' pTOfreflfc_^ 
ale have been used in this msuiner as homewp^ s^^ 
plements and as materials for individual practice in 
tutorial centers. 



TUTOR PAGE 

T UTbR^ Usten toyo fwtwr 
road and answer ttm M^^ 

tiqra . He or she jshooid circle the 

jettsftSttieOTrp^ 

Wien he4Dr shctis finistwl^x:^^ 

the »i^«em^arvd-gl^^ 

for those that are hcorrect. 

i. ¥\fefeb^rffiifoiio^ig^ 

dosest io Tnes^jng to the sub- 
tratctibn equation? 

A) No. 6hed< the definition again. 



STUDENT PAGE 

^UDEOT: Ftead toaJtoflo^Sr^^ 
paj^]tirase^id inference qaesr 
ton&ootioi^^Cirde ttie letter of _ 
ttie corred j^o^er. Refer to the 
definition above. 



1 . Which of the fbllbwing is 
closest in meaning to the sub- 
traction equation? 

A) a over b, less c over b, is the 
difTerehce between a-c into b. 



B) YES 



B) a dyer &^less c oyer b, is equal 
to the difference between a 
and c over 



Hgiire 1.4. Uhderstahdihg deRhHIohs and theorems 



The glossal^ biieri stt^^ 
basic algebra that provides deSnitions of algebra vocab- 
ulaiy; a list of symbols along with &eir names^ func- 
tions, and the vocabulaiy aiid ^>hrases that express 
ffiemjjiefmitibnfLahd^^ of^etypea^of number 

and finally, a list of words |md phrases commonly 
in t^ical aljg^ebra word problems. The glossary's entries 
were cai^j^U^ constructed to provide both the technical 
l^guage that student would find iiL their matliemat- 
ic8L texts and deiiMtibh^ and explanations w^ 
natural language. In this way studente can underetend 
the meanings of termsi symbols^ and expressions as 
they are exposed to the technical languag^^ ulti- 
mately heed to learn to function in algebra class. 
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TERM 

ODmmutatiVe 
maltipiication 



namber 



composite 
number 

counting 
number 



EXAMPLE 
4x8-8x4 

-3 + 4/ 



4, 6, 8,9 ... 
1,2.3,4... 



MEANING 

If b are integers^ (hih ab « 
Hint: The wrd^ ^mmule means to 
exchange, 80 the integers 
exchange positiohs in this prgperty. 

Complex numbers^ Have the form 
a + ti, where a and real 
numbers. The a &5 ^ledthe real 
(»rt and tlvEi bi Is ^ted the 
Imaginary part. 

Aj^anting number that is ni2i 
prime. 



the numbera TO u^ to count 
Wfth.^hey are also called natural 
numbers. 



ADDITION 



Sym- 
bol 



Related 
Words 

add - 
addition 

plos,--^-- 
increased 
by 



Examples Explanation 



sum 



3 + 4 

^+4" - 

"3 pjus^4" 0^ 
^ increased 
by 4* 

"Rnd-the 
sum of 
3 plus 4* 



*^ -k4" means add 3 and 4; 
do the operation of additidh. 

The symbol tor addition is 
the plus slgn: + 



Thi^i^wsrjo^i^ddjtion 
problem b ^Jad tiie sith 
of the twojriunibefs^ - 
GitftiOS: Donot confuse 
ttiaword fitjp/^Qiring 
addition) with thr word 
C^^l^ (requiring multi- 
plication). 



Hgure iS.A glossary for basic algebra. 
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„ FixiaUy^ it is impoitant to iidi^^^t^ langUage-baseil 
cMt^ematfeg matefiafr ^an bejosed^by aH 

studento, not just E£P studentB. Since acqairmg_ t&e 
mathematics register appeu's to be difficmlt for most 
students^ the algebra activities designed to teach the 
meaningi Juid^ fi^ language are ^ 

probably ben^cial fbr any student. 

Mathematics-Bas^ 
for the ESL Classroom 

^ Many of tiSe^ maffiematicsi^a^ sug- 
gested for t&e mathematics classroom can be adapted 
for the ESL classroom. However^ the ultimate goal of 
these activities ii diiSere^ class, 
£he^b^ £3 io Jtemt n^atiiematics, but ESL^la^^ 
roonci, ti&e goal of eyeiy actm^ is to foster language 
acquisition and learning. As discussed emrlier in the 
chapter and eliewhs*e in the_ introduction 

of eohtentrba^^=ES£ actl^ con- 
scious focus ofESL ^dentsfit)m ^eme^sm^ics of lah^ 
guage learning to the Action of language, that is, ^e 
commimication of meanings In academic settings^ 
then^ one of the cdntexts ESL instructors can u^e to 
teach s^dente^bw Jahguage ^mnumicates academic 
meaning (i.e., to teach functional English) is that of 
mathematics. 

To develop mathematics-content language activities 
for l^e ESL claMzmttn ascertain the 

ma^ematics objectives and skills of tiie mathem^^ 
courses their LEP students are lor be) required to 
complete along with some idea of the mathematics their 
students already ^ow. Unless the ESL or Mingual 
teacher is jdsbi&e stude mathematics teacher, ^is 
teskrequu^es^ of maJSiematics 

mstructors, particulaily those who teach the same LEP 
students who are in ESL classes. 

Toget^Sr^ mathem^^ ESL teachers must 

assess LEP students* mai^ematics and skills. 

Piis diagnosis ialJien i^ into an assessment 

of students* language proficienQr. The resulting profile 
provides ESL teachers with an overall picture of the two 
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seta of sMlls (mat&ematics and language) on which 
they can develop mathematics-based language activi- 
ties^ _ : : ^-^ 

At this pbint,^ is l^lb^ljt^b^ 
^^wimtto incbrpOTate mathematics content into ESL 
leammg ait^ iSiced^m the sizable task of compiling a 
mathematicS'-based section fbr then* ESL curriciilum 
cmriculum tlut is already packed MlOTth l&Qguage 
dlsteniBg^ speaidng, rea^g, jmi^^ 
^id activi^S; ^?^ te mp^g ti^ task manageable 
must be in selecting which mathematics content to 
include. Depending on the gpalB of the E3L j^rogram^ on 
the basis H>f student needs^ ESL teacherB^caiL select 
maUiema^cs cbnteiit jacw^^ to twb^hroadly defined 
apjpiroaches; objective of the first approach is to pre- 
sent a complete sequence of mathematics tasks. The 
result ^f thia approach is a ma^ematic cbMpdneht of 
an ESL^ cumculiun tha^ebncmiti^i^fiL on^ tea^mg aca^ 
demic English. Ilie c^^ectiv^ second approach is 

to include a few mathematics-based activities among 
other more traditional second limpiage leanung a 
ties, Ilie Jipprdach results in an ESL jsiiniculunt^ that 
introduces bi^ does jnbt necess^ily^cdn^^^ on the 
academic laiiguage 

A discussion of each of these mathematics-based 
approaches for ESL follows. It should be noted that 
these twa approaches are two extremes of i continuiim. 
ESL teachers can develop many v^iati^^^ bf^ ap- 
proaihes that &11 sbmew middle, according 

tb^^e needs of their students and the time and re- 
sources available. 

Developing a Sequenced Component 
of Math-Based Language Activities for ESL 

If ESL teachers find, after consultation with 
mathematics instruc^^^ and the students themsel^^ 
tiiat tJieir LEP studehtaare havmg-senouadiffieult 
with=pai^cular parts of the mathematics cumculum, 
tSte ESE^ teacher n^^ to include matfiLematics- 

based language activities sequenced to the mathematii^s 
curriculum as a repilar part of ESL ihstructibh. The 
following suggestions are offered. 
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ESt teachers, agmn m^^ mathematics 
instxuctora^ need to analyze the o^'ectives and activities 
of the mathjematics curric^^ as difficult to 

determine the language fieatures that eontribute to 
students' problems. These^ features and Jthe mathe- 
Doatics content iSqm whid& they originate wUl form the 
basis for mathematics-content language activities. 

• ESL teachers agaiil inust nairb^^ 

ematics content to a compbheht t£at can be realistically 



TUTOR PACr 



STUDENT PAGE 



TUTOR^ Usten to the sentence 
your partner rea^5^43a sure he or 
she Hi^B the number eoniKstiy. 
the senten^s are belmv. - 
the numbers are underlined. 



STUDENT: Read the foHdwing 
sentences out loud. Be sure to 
say the numbere oorrectly. 



&(ample: There jgg^ five handr^ 
people at the meeting. 

1 . His fetther Is ^ feet tall. 

2. The electric bill 

htfndred^(ah<fi ttiirteefr dollars! 

3. M> car holds tw e lye po int 
flV^ (twelve and five tenths) 
gallons of gas. 



Exan^pte; You read: thera were 
500 people al the meeting. 

1. His father Is 6 feet tall. 

2. The electric bill was $3i3l 



3. My car holds 12.5 gallons 
of gas. 



2. TKaka OTA filitt fh^i loart/f 
tW04MJf 

feet in a rtiile. 



4. There are 5,280 feet in a 
rnile. 



7 . My phone number Is twp- 
three^twd-fcKir^v^-Qne^rx . 



8. Over one 



in New York. 



people live 



7. Myzphbrie number is 
232-4516. 

8. Oyer 1^000,000 people live 
in New York. 



Figure 1.6. Math-based ESL lesson: Using numbers 
In everyday eontexte. 
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incorporatedLiStb Jtt^ Ideally^ mat&e- 

matics anS^ ESL teaj^en 8&ould work together to pri* 
oritize all tHe mathematics areas ident^ed and to en^ 
sure that the mathematics material students need most 
will be covered. 



• Txx^date^ ^w matermls s^ offer a component 
of mathematics-based ESL activities. In the absencizdf 
seite ^ ESL materials dedicated to mathematics^ ESL 
teachera nmst idapt and idmp^^^ (perhapa with the 
help of interested-m^^ specialists) sequences of 

activities for the particular areas of mathematics (gen- 
eral mathematics^ algebra^ geometiy, etc.) their LEP 
students are studying. 



^ Pigure 1.6^; 45) shows how mathematics/language 
materials originally written for mathematica cliiss- 
ropms can be adapted for ESL instmstioii for h^^^ 
school or College studentti JElie eimiptejs based 
acti«ties fi^om tiie series of matemls described earlier, 
^i^ were primarily written for use in algebra class- 
es. The matiiematics content o>mes^ unit, 
which treats nume 

llie_exam t.6 iHustrates how parts of 

matiieniatics^based lan^ activities can be incorpo- 
rated into the regidar daily or weeMy achedule M ESL 
instructipn-^with efTorts made to parJ^ll^ the obje 
being addreased in the mattemjttics classroom; It is 
alscL pbasible td build ^ jentire sequence of mathemat- 
ics-based language activities as a l^e of English for 
special puiposes (ESP) section of an ESL course. 

Develdpirig Problem-Solving Aetivities 
That Promote 

Second Language Acquisition 

In many cas^s^ ESI^progranis iannb devote an 
entire componentbf t^ to mathemat- 

ica cdht^t; Tffie bn earlier shows that 

such a process requires extended time and effort on the 
part of ESL and mathematics instructors, especially 
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since matenals are needed. In addition^ many ESt pro- 
gz^uns may find that their LEP students may not need 
intensiye mstruction in mathematics-based language 
learnir^ either because they already have a sound base 
m math€OT»tics in^^ natiye lai^uage^r they have 
strong support £rom t^eir regular mati^einatics teach^ 
ers, who pay special attention to the language needs of 
students in tlieir cl^^ 

_ Even if it^lents are iteingielativdy well in regular 
matfiema^s classeSj ES£ teachers may sti^ 
include some khid of sthnulating, thought-provoking 
mathematics-based language instruction to stimulate 
seednd liuiguage use and acquisitidrb Qne of^the best 
sources in ihe mathemi^cs^^umctQ such 
ennchment acti^ties is problem solving, specifically 
solving word problems. Furthermore, word problems^ 
virtue of their 'language format/' are a natural 
ehoice for langu^ ^ 
^ ESL teachers can develop sets of acldvities^ using 
word j>roblems selected to fit vanous themes or instruc- 
tional obyiectives. For example, lessons for elementary- 
level students cim be built around word pro^^ that 
give students practice with mathematics skills such as: 



• each of the four basic operations — addition, subtrac- 
tion^ multiplication and division; 

• basic operations with fractions and mixed numbers; 



• basic operations with decimals; 



• applying the concept of inverse operations; or 

• estimatihg/rouhding off the answer. 

lessons can also be built around specific language 
skills such ais: 

• learning sets of vocabulary tiiat often designate the 
splution operation in w both mathematics 
terms and hatm'al-languap wbi^^^ (e^g.^ id^e :au;d>?^ 
decr^asedyhdve left^ and lost are some used with 
subtraction); 
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• learning sets of yoMbnlaiy comparisons 

fewer J more than, lessjgreater than); 

• learning how to read and understand probiem^ 
wntten as h^othe^ (i.e., practicing how 
to read and ^te if clauses); 



• learning how ta read and imdeiiitand problems when 
the ^estion is at the end^ the begimiingy jor sb^ 
elle in itiie problem; or prafticing En^sh cbmpbsitioh 
skills ^aro\jgh rewriting jjroblem diSerent time 

references^ dianging singula» to plurals; or, at a more 
advanced level, writing paraphrases of the problems. 

- ESL teachers can _simpli^ the^job finding ^rd 
problems jyith the j>articular m and/or 
language "specifications" they need for each activity by 
keeping a runnir?g file of problems on index cards. 
Word problems can be collected from 
texts^ iiewspaper ads^ and so on, br_teachera and stu- 
dente can write them themselves. Suggestions follow for 
language-based activities using word problems. 



AcSvHy #f ; Pm&ice special wathemMcs vocabi^hiry. 



Mi^erlals needed: Food cbritaihers, or any other group of 
items for a "store.*' 



Procedure: $et up a store with as many items as ppsslbiei 
eaelj with a priee clearly marked on it;_ The grocery s^^ is 
always a good choice. Develop questions that refer to 
these marked itemsjj^mg t as more tMn, Jess 

UiBtJ, BS mvch as, most, least, equal to, bs many as, all 
together, twics as much as, fewer than, greater than, add, 
subtfBct, and so oh. 



Sample questions based oh a grocery store situation: 



NamejDhe item that obsts more than $0.25 each. 
How many apples can you buy with $0.50? 



brt^rathig Lazigaage and Mathematics 



What costs more at this store, 3 apples or 3 oranges? 

A&mty iPmbfem Puzzles— Read aB theptecesjaniie 
^obTetri Wii^ tlien put them in the order needed to make a 
'good' prd&em. 

Mater!als needed: Word problem file, Index cards or sen- 
tence strip, markers or pens. 

Proeecluresj; Select problems f rorn your word problem file. 
Use any criteria yba wish aecordjng to your activity 
objei^m Type each piece of Information (bsual[y in 
elementary schbbi, this means each seritencs) on a strip of 
paj5er. (For primaiy gradest you may want to use seritehce 
strips.) Identify each part of a problem with a number. Ask 
students to put the parts of the prdblerri in order. Tbtt can 
make this as hard or as easy as you wish by varying the 
number of problems you mix up or put Int&ihe pool tif 
pieces^ Yoa earl ajso make this sulf-correcting by putting 
the correct puzzle number bri the back of each strip. 

A&ivify #3: Read the proMem and tell whether there is too 
nnie, too much, or enough in forma tion to solve it 



Materials needed: a set of word proW^ with preferably 
the same number ea* of problem 
tion, not enpughj and exactly enough. These can be put bri 
a work sheet, bri the board, or ori iridex cards. 

Prbcedures: From a group of word problem cards, have 
Students read the problern arid decide whether there Js 
enough irifofmatio/i to solve the problem* not snough, or 
too much. This activity can jgmd shbu[d) have a second or 
thirdstep: If the problem has enough Information, solve it; if 
the problem does riot have enough information* add 
information that makes sense and sofve the prdblerri; if 
there is too mach Infbrm^ion^ take oui (or cross out) the 
extra Information and then solve the problem. Since the 
exercise may be tjme-eorisumirig^ you may want to start 
with just one group of these problerris such as these with 
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too mucPi infomiatlon and work up to doing a group of 
mixed problems. 



Samples: 



THIS PROBLEM CONTAINS ENOUGH INFORMATION: 

Margo bought 7 books last week. This week she 
bought three times^ many books. How many books 
did she buy this week? 



mis PROBLEM HAS TOO MUCH INFORMATION: 



138 fIRh-graders are going on a trip to the zoO; They 
wiJI take 3 buses. 7^ of the students are boys and 66 
are girls. There must be an equal number of students 
on each bus. How many students will ride on each 
bus? 



THIS PROBLEM HAS NOT ENOUGH INFORMATION: 

Peter bought 3^pds of rneat at $1.39 a pound. How 
much change did he receive? 

Activity #4: Read the problem and fill in ttie missing 
infomiaffon. 

Materials needed: Sets of word problerns, index cards or 
sentence strips, or dittos. 



Proeedurej Select a variety of problems {or select one 
particular set of problems). Go thrGij|h^ these problems and 
leave out key words, phrases, whole pieces of information 
(i.e., sentences), the problem questioji. Make^ure the 
problem is rewritten with plenty of space for the left-out 
^rMbn. Have student? flH in the Wanks with whatever they 
think will maks serise in thtv prdbletn; To check whether 
students' "fill-ins* make sense, let the students try to solve 
the problem after the information is added. 
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Sample: 



iTiese problems omit some information: 



Tbere were 2 txs&keibaW teams. Row many ehildreh 
were on each team? 



Alfred bought 4 models for $1.75 each. How much 
change should he receive? 

This problem omits the question: 

Mrs. Nguyen bought 3 cassette tapes for $7.98 each, 
including tax. She gave the clerk $30.60; 



Activity # 5: Write a vford problem frorn a word problem 
oiMne. 



Materials needed: Word problem cards with the problem 
outline and paper and peheils (if for a written exercise}. 

P/dcedure: Write word jirebleffis Jiased on jjrotilem 
outlines. You can use the outline format used in many 
m^hematiGs texts in which juM the bare, base phrases of 
Information are given; Or you can make up your own 
Gutlines according to the kinds or problems you wish to 
practice or the language you would like to use; 



Sample: 



Problem outline: 



9 tables 

9 people at each table. ^ 
Row many people in all? 

Word problem written from the outline: 

'niers wej-e 9 tables in the school lunchroom. Nine peoj^le 
sat at each table; Row many people in all were sitting at 
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the lunchroom tables? 

AcSvify 6: Write a wordprobtem from a number sentence. 



Materials needed: Index cards with the number sentence 
sets^ OF a blacKbj}ard. Use^paper an or a wbrl^heet 
format if students are writing the problems. 



PrbD|dure: Select sets of number sentences. This activity 
works best if "families" of number seflteiices are 
usid^those ihdjcatihg jnverse bperatibhs. For example, 3 
X 4 = 7, 3 x? = 12, 12 divided by 4 = ?, ? divided by 3 - 4i 
etc, Have^ students seJeca a^ltuatibh for each number 
sentence set and then have them make up a problem to fit 
each number sentehee. The probJem 'Wis' the number 
sentence if tfie number sentence Is the one you use to 
solve the problem. 



Sample: 

Number sentence: 

6x4^[] 

6 X [ ] = 24 



Obrrespbhdihg word problem: 

Alex h£^ 4 friends. He wants to buy each friend 6 cookies. 
How many cookies does Alex need to buy in all? 



Alex has 24 cookies. He wants to divide the eobkies evenly 
amoilg hjs 4 friends, flow many cookies will he give to 
each friend? 



; Tfie word j)ro51em activities offered here are best 
used with small groups of three or four studehts. E^ 
jkeachers can organize their dasse&^m groups ac- 
cording Mstudeiita'Jahguagep or mathemat- 
ics ba^ground. In this way, problems can be selected to 
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fit t5e ability of ea^grdxtp in ^der to keeifc interest 
levels high and inistration levels low; TeacHer^^ 
also place more prescient students (in Englisli or 
mathematics) ni the prdblem-solving groups to act as 
tutors: for ^car pe^^^ are ar- 

ranged, it is oiten^best^t^^ problems tiiat re- 

quire ea^ mathematical solutions so J£at students c^ 
concentrate on the langua^ of the problem whUe they 
get used to H^e process of problem solving (which is 
often newJo_&em). ^^^^ _ : : : 

^e advanta^ of using word prcfclem activities m 
the manner described here is ffiat ffiey can be mcbr^ 
porated easily int& most ESL curricula. Word problem 
activitiM Mn he almpst any theme or 

instractibnaLxibjective th^ teacher might need to 
tea^. Tte 6me spe^ on ffie a^ivitiea c^ va^firbm a 
regular period each week covenng many problems^ ta 16 
or 15^ minutes per dday or per w^.ek to work on one 
sjMScifi^c pra Moit impbrtaut^ tune spent doing 
word pi^lems is ne^^ 

get aroimd to actually solving the problems jxhtilJater; 
From the matiiematics point of view, LEP studenta can 
gain experience ^^^^^^^ diffferent tjrpes of word 

prbblems in EhgUsbL and consequently become ^miliar 
with ffie general prbbasses^require^^ any tolnd= of 
problem solving. ^ the same time, they 
with numerous opportunities to use their second 
language for basic communicatiDn and commimicating 
meaning in mathematics. 



Closing Remarks 

This chapter has provided mathematics and ESL 
edUMtbrs mth ba^^ information and instruc* 

tibnal strategic that address the educatibnal needs of 
LEP stadente-^Td fliis end, a l^f bvei^ew nature 
of the language used in mathematics was g^^ 
as the role language plays in mathematics teaching 
and learning. On the basis if this information^ sugges- 
tions for the adaptation bridevelbpme^^ 
strate^es that integrate ma^nmtics and secbnd lanr 
guage learning in the mathematics and ESL classroom 
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were Uluslrated. The underlyinf gafii^taa been to assist 
teaehera iiL :ffie cbmmimication of mat&ematical con- 
tent to stxtdents in order to develop mathematicai and 
second lang^iage skills. 
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afiS Sclerice Learfjlfig 

Carolyn kessler and Mary Ellen Quinn 



After a few misutes the 80^ bug die beeause it is 
tot to tHem and when ttej^ffi^^ 
drcle. Ktting tEe sow bug in the projector 
microscope and it is see big. T^ey have hairs in 
the legs tibiey look like tires in the back. The sow 
buglddkJike ILaxtdadilld; ^j^ ^ 

{Mother Nature's Tiny Wonders, 1984, p. 26) 



Francisco, a Hispanic child of migrant workers in 
rural Texas^ ^pte these results from observations 
made while IddM^ bug under an ovex^ead 

prq^ctor niicrbscbpe during his fSSh-^ade science 
class. la^e aU of his classmates, he had entered the fifth 
grade in the fall unable to read or write English. His 
home language was a nonstandard variety jjf Spanish, 
aiid English„ was his aecoi^ Bimng his 

previous yei^ at school he had acquired ah adequate 
level of English proflciencgr for cairying out social 
interactions with his teachers and peers. AcadmicaU^^ 
however^ his cdmpetence in En^ 
limil^d. Scbi^oh ^ stahd^£zed^ indicated 
ffiat hrwas functiuudng at the fwst-^de level. The best 
student in the class read at the second-grade leyelj 
others were at a preprimer stage. &:h 
students^ up to the JMit of tebught^hb 
success and very-limited EhgUsh-lahguage prbfldehcy 
for school pmpbses. 

A sensitive fifth-grade teacher who understood the 
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ealixuriLl^etting of his Itu^^ ejagnitive 
development^ ffieir lan^aje needs, and ^fie negative 
effecte of prior scEooi ea^eriences challenged Francisco 
imd his dassmates to become readers and writers of 
Eiigliih before the end j)f the schM year* Using the 
eoiAc^t of: s^nce tbge^er mtii that.^f ma&ematics 
and social studies^^ Francisj:o and the other jSHh- 
graders made an average gain of more than 3 years in 
reading levels and developed considerabie enthusiasm 
fox writing in English^ their seM language. The 
iflccttement of learning abont culbm'ally r^ey^ 
bug^ and armadillos in rural Texas became apparent. 
More important for long-nmge gains^ however^ was the 
&ct that these children had developed English-lan- 
i^uige pm&a^i^ f^ academu^ pui^ses to Jbhe extent 
&aV they could Jtnow school^ sxicc^ss. Specifica^^^ 
amtiong o^er aspects of schooling^ they had discovered 
Uie wonder of science inquiiy and^ simultaneously^ had 
d^eldpecl^Englil^ <^mpsieme ii^ed for enga^g in 
titns mqmiy (Hayes^ BafeutS, & 

i&ssler, 1§85); A process^riented science class using 
an inquixy approach is among the optimal sources of 
social mteracj^ipn.a^ ianguage input for facilitating 
acquisition of j^jecond lan^^ & Quinn, 

1984; Mctean^l^ei^^gctez & Beffiel, 1983)^ ^ ^ 
T^is chapter ea^>lores relationships between learn- 
ing science and acquiring English as a second lan- 
guage (ESL) in relevant socipoUtural contex^^ Specific- 
aUy^ it considers ways science helps students 

m&^mited En^ish pMfi«ency (LEP) te develop m all 
aspects of language use at school: listening, speaking, 
reading, and writing. 

Science Processes and Language 

Science is generally defuied as a set of concepts arid 
relationships: developed thrdUgh the processes of 
observation^ idexitification^ desm experimental 
mvestigatibn, and theoretical explanation of natural 
phenomena. 
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Approacfies to Science 

When science is tau^t from an inqu^ 
piiibiem^solining orientation, students leun to d^ne a 
sc^en^ proMem, tta^ a^^ data, i^a- 

^ze datgj imd mate obateoient^reLitur^ the hypothesis 
to the data. Throi;^ smentific suimi^J^en^ develop 
learc^og processes inherent in thinBng: observmg, 
ciassi^igi i^mparing, communicating, measuring, 
infeiiing^ pi^cl^ and 4;ime re- 

lai^onships. I^cbw-^ii^i^ px^^ applied in a 
problem*sql^bc^_^rmat^ lead to 1£e development of the 
concNS^ science. ^ - 

A ^tini^on between an inqfuii^ approch to science 
edu(»^^a^ a textbook^^ identical in 

any ezi^niratibn of tiie role of science in second lan- 
guage development. Emphisis m inqui^ leads sttt- 
denta to learn more about the *liow** of scien^ thui t^e 
^w£at** and to imderstiuid that science is not a static 
bbdy Himbwl^^ bn^ itdynkmi&qt^^ 
oh textbooks reduces the s^^ 

literal^ and develops a fimdamental nusunderstandi^ 
of the natj^ language learners, 

dependent on textk^ in- 
vestigation -senousl^ co^c^^s^i^ tiie-^m^tibna-that fa- 
cilitate language development, irstudenta cannot 
derstuid Uie Lmgiiage of tJbLetextbook and have little or 
no oppo^unily to in meaning^ 
ffieir secwid te^M : 

A lab-based inquiry approach to acienee mi:»t alM be 
distkiguished from science ^ ro^. rams that rely largely 
an demonstrations inqujry 
processes-^d language Jnteractioiis only to a very 
limited extent. Science holds a tmique pbsitioiL in the 
pshoo! cumculjuyn in that it is one of the C^w content 
areaa that emphasizeB hands-on eaperimentation. An 
uhporbtnt dimension ^f JcLenc^ mstjlij^ion is recog- 
nitioh of ^ele^^sjcogmti 

they mteract witi^ partic^ar strateges t o de termine the 
bvemll e^etiveneos of insjaructional progjnams. Current 
sci^ce^qi^oy prbgra^ the cognitive processes 
of obs^^^ Jnfeirmg^ Ji^d^tin 
experimen^g. These and similar programs provide a 
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ricb environment i^rjimiUine^ and lin- 

pustic development. Coi^^nted wi observable natu- 
eal ev^ta^t set up a ^seqmlibrium or cognitive con- 
flict^ m tfie HageSan sense, children work Hard to re- 
soli^ tbe conflict if given tilie time to investigate and ti&e 

qf^prtimi^ to diseusi their^wo^ 

&i probLem^elving^ s^eoia and order 

varied^ypes ibf data, usi^ concepts that they already 
know to gmde Qleir search for answeri to qiiestibnii 
This process leads to an undjrittiiding of new^nc^^ 
and t^eir -reiationihipi. ^Boeiated^^dp ^ia process 
are Uie efi^]^ 8tad^te-^m£ke^ to convert these e:i^eri- 
^ces^te^do^ge. f^Euusisco, in his lab report on obser- 
^tiona about a sow bug, saw relationshipi l^tweeiL^ 
bug's physical appearajl<^s and other p in 
has world. He saw that a dead sow bug looked like a 
circle andihat the haira on its legs togetiber with its 
f^pe made it look like a Sre or even an armadillo. 

The Language of Scienoe 

In a science textbook, abstract ideas aJ^i logically 
developed and linked throuj^ a num^r ibf iinguistic 
devices^ repetition of key wbrda, use of paraphrase or 
Mmi^eaHy sm^lia' terms, and use ^ lo^cal connec- 
toflra audi as because » howevirycons&iuent^^^ 
example. These connei^n indiMte the^ 
relationship betwiien the pir^ Hiey can rany 

evU^a numl^H^m^tic ium^^ns.^^ texts typi- 
cally m^ude connectors that signal addition or iimilar- 
itgr, contradiction,r cause and efiect or reasbiLandfes^ 
imd cluiinol^cal firzlbgical Mquence JtGel^-lpircia & 
Larseii-JF^eemfm, 1983). Althdu^ little research has 
b^n done to identic the difficulties that lo^^cal connec- 
toro present to ESL students in the context of science 
teaming,^ a study of 16,530 Jtudents^enfbll^ in grades 
T-IQ m Austratik Jhbwed ihat^ubstantial numl^rs of 
steodents expenence d iculty with connectives used in 
^rarious t^es of logial leasoning (Gardtoer^ iSSb). Other 
Ic^cal comiectors in l^e language ef sdeiice may be 
expected tb^j^ paztteul^ problems for ESL students. 

j& pildren paw ti5rou the Piagetian stages of 
intellectual develq)ment, they learn first to make dis- 
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coyenes. ttaouFli. sensofiinotof activi^^ then to ask 
qpoestiott^of^dultfi^-^^ ask queations of them* 

sehres. import^t component of saenc^ in 
especially vdt£i older learners, aims to promote activi- 
ties in which students are actively engaged in discus- 
sion witih one another o^^ the tarutii of hyjffitheses pre- 
sented ^d^ejnes^dngj^ ^eJ^)flit3ttii 
aiBk guestions, generate timtative fimswersj make 
tiona, and then evaluate evidence as supporting or 
r^*ecting the answers develops as a result of attempting 
to cazt^ on discusMons^ : 
^ Stiments ^aduaU^ internalize Jhalingu^^ 
ments necessary j^r hypothesis*tesQng and azgumenta* 
tion. Such internalization ai^eara to be a prerequisite 
for aspects of prop^^ reaaonii^ aixd^ ot^^^ 
flH vft need reasoning usei iitiaa^ce^ "^e 

^ ^, to mse ques^ons f^ut a problem, generate 
es, make predictions, and design an eigjeri- 
\-^t (lie: hypotiheiis rests on tiie gradual int^r- 
i'^± x>f the lin^istic elements involvei (A. 
h, B.l. Lawscwi^ & Jbawson, 1984). To ffie 
J at that Sv !enoe students do not have ao::es8 to these 
Uijg^li>'tic abx.^ties, fiiey cannot^ auccesslully engage in 
iciende Equity that dein^ iin^ of reasoiiiiig^ 

Thiii^ £SL atMimts who do not yet have ^ejiece^^ 
Hnguistic elementa_ m ffiefir fu^t lan^age or who are 
unfamlliu- with their use in t£ie second language may 
be expected to have particular difficulty in science 
reasoning. : i 

In a study of factox^a^gting Ju^ achievement 
fe a second languagej^avHIe-']^qS^^ found tihat 

knovBrledg^ of vocaBulaiy ia the most important as^ct of 
second language cqmpetence fbr learning academic 
content tln^Dugh t^^^ language. J^dwledige of vdc^^ 
^ is moi^ imp^tsmt fe^dwledge of Jlng^ 
plo^ such as pluural markers on nouns or past tense 
markers on verbs^ and even knowledge of syntactic 
stmctures for sen^ 

thing to he ^e to use ^^s^j^bdally^j^d £md^^^ 
use it academicaUy. binguis^ally, the most important 
aspect of language the ESL student needs is vpcabulazy. 

Specialized vocabulaiy is dojely tied to t^ie specific 
content of science. In a stiidy of science tettbddki that 
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are widely used in grades 6 through 9, Hurd, Robinson^ 
McConnell, and Boss (1981) found that more than 2,500 
new wqrdj were introdu each^ear^ They^ point o 
that this €i^ire_ is :tw^ ejected in a 

&reign lan^age class of the same grade level termi- 
nology, nevertibieless, is a antral featiu^ of title textbooks 
that most science dasses use as m^\or diterminere of 
wlut students inuftt do and Jearii iCL Bciehce (Yager^ 
1983). Whfite the heightened terminology 
is jL^eneral problem of science eduration, the abun- 
dWce of new terms poses particular problems for ESL 
ieamens. Recognition of such probleins i^ crucial in 
l^ht of the growing e5^ of vocabu- 

lazy ia esisc^tial to learning academic content through a 
second language. 

Students' ability to recognize scientific concept 
definitions i^d their Veii^al labe^ ijs &^ture of science 
conmium<^^^^ JEsynch^ Chipm^ and Pachau^ U985) 
studied a set^f Jcey ^ncept werds used in defining the 
nature of matter (e.g., atom^ soUdj element). In admin- 
istering equivalent tests to Idth^aders in Aust^^^ 
using English^and in India,^ using Hin^ fbtmd 
identical BCortlSLfor both groups. Item analysis of the 
testj however^ showed considerable variations in the 
^rder of recognition for specific terms. In one paradigm 
dealing with jspatial and relational hbtidns, for ex- 
imple^ Jiie irfer for English spe^frs was area befere 
Eiiass; for JSindi stude^^^ corresponding order was 
Satss be&x^jurea. Ii^ another jparadigm on the physical 
Toraa of matter, English students scored consistently 
iigher on the set of termfr about the stated of matter 
[i^e.^ solid, liiiUid^ gas). Hindi studehts,^ on tiie other 
iafid,^sh6wed^igher soCT^ terms dealing with the 
lubstruclure of the atom (i.e^j electron, proton^ neu- 
ron). Differences in the order of deyelbpmeht for 
science vocabulary are attri^ at least in Jart, to 
in^istil^ eiiltura^^ the home Ian- 

^age& Fihdmgs Bu^ have implications for 

eaching science in ESL. EKfferenc^s in first language 
ind culture may play a role in the develop^ 
icientific language to an extent that is generally 
jvedoofced;^ ^ ^ ^ 

The language of science is complex, and much has 
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yietzto be Jixalyze^ in its relatidhlhi^^^ of the 

ESL student studymg science^ However, several basic 
{^rinciplea s&ould be kept in mind wHen working with 
the LEP student: 



_ i; St^ldents^acqmMtion of ie^^ or hew 

stnictures requ^ iteBas in 

science contexte» not in Usts of isolated items; 

^ ^^/Oie jmo^^ are physically e^ in 

hands-on activi^8^i£^ involve tal]^^itbbut concepts, 
the sooner the language of science will be acquired; 

3. SimtUtaneously^ langu^ in general will develop 
from the communicative context in which it is used 
(Mohan, 1986). 

Fortunately, much of the tenninolosr and symbol 
system used^ in sci^^^^ recognized intema^^ a 
&cilitatihg factor for the older JESL stMeilt wth pri^^^ 
science instruction in his or her &8t language. Neve^^ 
theless, the development of the language of science, or 
the scientific registeri^ is a mcyor consideration in using 
science content with ESL students. 

Ethnoscience and Language 

Culture, as a term in social science^ refers to 
learned and shared standards for w^^ of thinkings 
feeling, and Acting CEiicksdn^ 1986X Teaching sciencg 
acrbiss jmltur feqmf ei ?^ing cultural 
dij^erences and considering how they affect concept 
development. 

All cultures have weii-devejoped tjieories about how 
the physical world operates without studying formal 
science.^ Even young children befori beginnihg_ instricr 
tion in science have knowledge that they use to explain 
and make predictions about their physical world. 
Ethnoscience refers to theories jand procedures for 
learning about the physical wbrldJbhat have evofeed 
infirmaUy m (ualtures to explain and predict 
natural phenomena. Children, through membership in 
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a ctdtural group ahdL througii cc^trjtmt^ of develop- 
ment, Jb^^^^eu* ^ebnes of e^^sdence to t&e study of 
fonn^ sdencem setting. These folk or naive 

^eories provide cuituraliy satisfactozy explanations 
and predictions and by and largei^perxnit successf^^ 
ilmetidning Jji physical wbfld. They jtfe^ however, 
dfflBcttft to^pla^ce or m^^ in formal science instruc- 
tion (Champagne, 1986). 

One m^'or difference between fbmal science ^a^ 
ethnoscience is in the meaning of iennsi An^ ef ample is 
in use_bf_tiie terms^ velMUy and dcccfengftd^ From the 
standpoint br ethnoscience, these terms are synony- 
mous. In formal science they are rigorously distin- 
guished: velocity is the rate of chattg^ ofLpbsitiori^ 
(tuxeleraliQii is the rate of change bf velbcity. Eveniaftef 
&mal sci^ce iiistii^ however, many individuals 
continue to confuse these terms in talking about for- 
ward motion. A further illustration of persistent belief 
about motion is oommonly fdUnd in accounts of what 
happens to t ball dropped by i p^^ who is^mnnihg. 
In^ipite of formal science stady^ m^ i^^ con- 
vinced that the ball falls straight down, feiiling to adopt 
the basic principle that the ball wiil continue to move in 
flz forward as well as downward mbtibh (McGlbsfc^y, 

1983). 

Etimbscientific tBeones are generally applicable to a 
much narrower range of natural phenomena than 
those of fonnal science. Formal sdencer for eMmp^^^ 
has one thebiy to expl£Linbbth ^e motion of jt ball feifee 
fin and that_xif bne rbllihg down an inclined plane. 
Ethnbsaenceinc^ have two separate theories to e^^lain 
motion in tiiese different settings. ^ = ^ 

_ In another eMfflple of ethhoscieM^^ 
points but that Native Amm and 9bjibway 

people teaditibnally clMsify pants and animals accor^ 
ding to their fimction and use. Formal science classifies 
them according to structure. While children uhiver- 
sally cany but the process of classificatibn^ the System 
of dasMflMtibh^ade available to them is arbitrary; 
Thct^classificatibn systems ethnoscience and formal 
science in this case f ?e both valid^ just different. 

Ethnoscientific perspec^^^ can influence all bf tl^ 
thinking activities bf science — ^frbm bbservatibh and 
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classification to inferehM and pi^^^ Although for* 
maLsoem^Jbypii^y as if aE students 

conceptualize ^eir physical- envirox^ in the same 
way and ethnoscience reco^izes that students from 
diverse cultural backgrptmd^ in fact^ differ in 
iciehce*relatedi thinMngL processes, the^: exact nature 
and extern cff^^se^ffwc^ understood. 
In a stody of spatial thinking processes for Navajo 6th- 
and loth-grade students, H.G. Cohen (1985) f^und no 
substantial : differences in the development^ of : selected 
spatial abilities for ^^ericah Indian childreiLlivIng-ih 
^e traditional culture of the reae when com- 

pared with non-American Indian students. 

The extent to which science programs should be 
redesij^>ed^ make them ethnicMly rel^^ mat^r 
of d^^te.^^it ESE and^sci^ however, ffie 

pnnciple remainis^ th^ share a set^of urn- 

veraal thinking abilities, repu^less of firat language or 
culture. At the same timeK teachers must be aware that 
cultural difl^rencei=may firame the view of the world 
differently fer LEP students;^ The learner's ethno- 
sdentiflc theones proisade the starting point fw: scier e 
instruction and, consequently, for the ESL student s 
language deveiopment in sdence contex^^^ 
teacher and the scieiice teacher both jenter into the 
aamplex^role of b^^ differences and 

mediating intercultural understanding. 

Science and ESL ti^achers who fkil to take into 
account ethnoscienctific^ ^^^^ both MiltiuUre- arid 

age-related^ can easily^i^ tiie EEP student's 

ability to ^dersts^d the Ifiuiguage of science 
tion. Although the siirface form of the language ma^ be 
understood^ the underlyinjg CQgnitive restmcturing 
rieeded Ui c^aunige a riaive^ t^ may riot Jiave occurred. 
Bbmmuriica^dri JteeaMowM jm then, riot fi*6m 

language but Som conceptual notions about the phys- 
ical world. The neressaiy cognitive charige may not 
take place Uriless St until ituderits experience a socib- 
cbgriitive cbriflict^ Sri^^jcbrifKct is^ggered hy a^om- 
biriaUbn of soaal interaction and the use of manipula- 
tive materials for observing physical events. 

Sociocognitiye conflict also faciUtates ^e acquisition 
of a second language. Engaging LEP childreri in social 
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intemction not only ctMtes interhal cdhfiicfc for re- 
straeturihg ways cuf thi^mg about iHej)}5ysi^l woSd, 
butiteo provideajifie la^ environment needed for 
Unguistic deveiopment 

Language Acquisition Processes 
in Science Contexts 



^ "^Bbmg science" is a nsk-taking activity; Ejcpen- 
menting/mtE plxj^ical realities does not offer preset, 
error-proof outcomes. It often involves many fklse 
starts^ modincations, restateme^ heed ib 

gather more data as ihptit fir refoiroulalmg hy^^ 

t^ewi&e^ "do acquiring a new 

linguistic system, is g risk-taking activity. Experiment- 
ing with linguistic elements does not guarantee suc- 
ceasM jCdmmtmicatibh; Negotiating meaning during 
inteiictibM^x^ral or w^ false starts, 

editing^ parap&rases^ or restatements, and ^e need for 
more input to reorganize or reformulate Jiypotheses 
al8>ut the dei^eloping language system. Risk-taking, in 
aciehce iniquu^ or Jahguag invoIveiB hsTpbthesis- 
tesMng processes^ Such processes necesss^ hold ele- 
ments of uncertainty and the possibility of error or 
failure. The science student makes guesses about 
physical outcomes; the languagtstudeM mak^ 
about cbmnruriij^ outcomes. For language learners, 
guesses apply both to meaning, or what is said, and to 
form, or how it iajsaid. 

As Beebe (1983) observes, neiurly all of the attempts to 
use a niw lan^age productively are risk-iakihg acts. 
SucbeMful lanpiage le^^ willihg to take these 

risks in spite of possible negative consequences. J'ran- 
risco, for example, took risks in writing his science lab 
report. He made many erfbrs in &rm^ihcluding bmis- 
sibh bf required past tense mai^irs^inM prepbsi- 
tibnsi^rbnbuns mark wrong number, an incor- 

rect article, 4jrr^ verb phrase, omission of a 

sentence subject. Fur Francisco^ the consequences were 
positive. The teacher praiseJ his effbrts and understood 
his mteiidea mMiung; EfTorttsuc^^ these^ gradually 
facilitated the development bf English as he moved from 
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at t&e beginning of the year to a level at which he 
funelicmed with considerab^^^ 

Acquiriiig a ieSon^ lul^age is a aoeioeognitlve 
prb£e£^ result efibrts to take paA in com- 

nnuucatiye interactions. the exchange and negotia- 
tion of cpncep^al, sociocultural, and affective content^ 
science providei: a fom of social interaiH;i^ 
qualifies aa g^uine language : use ai^ ^ contort 
&f lang^ge a^ui»tibn. Befimng language acqtTii^itrloh 
as a natural, subconscious process that takes jpiace 
when the^^us is on communication, or mt;/ ing| 
I&a§}«m (1982) £^es ti^^ i^ ^^i^kttal to 

sec^iiTlanguagR db^elbpment^^e amount ruaH^ 
of lim^ai^^at^^ stc^ent receives and xmderstands 
are critical factors in determining language profidenc^ 
outcomes. _ -_ 

_ : Sdihee meets jrequirements optimal source of 

relevant^ cdmprehens^ language inputs affectively 
positive conditions of Mgh interest and low anxiety^ and 
opportunities to engage in genuine communicative 
interaction. Tappuig the Ifaiz^^ng processea assodated 
with: .science aets j^mditibns fir the sunultahebus 
development of itaenti^^ ^d language. In 

summary, the interaction between science and ISSTj 
development is threefold: 

* providing language input to engage thinking 
prbcessesv 

* facUiteting pp 

^ stnictunhg group ihteractiohs in an academ- 
ic setting. 

Language Input 

: ^i^<^ bfj^rs a. ii£.iticularjy rich sb 
theiESL^ leanieri^Zo school atudeni^such 

as Francisco^ it provider e^enence in the elements of 
scientific concepts and basics in the language of 
sdence. The sfgn be said for the aecbiidary 

schobL and^jfbliege_o^ studentr the 

overall pnhciples are hot age-depehdeht. Extensive use 
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bfj^apEics, de&m of new terms, use of fairly 
simple ^tacrtiG slructures^ and expUcit easyrto- 
understwad directions for am^dng 6^ investigations 
aU JBOhtribiite _^t]ie J^cmsmis meanm^. Input 

su^ as ^is^rresponds closely to Krashen's (1982) 
view of optknal input — comprehensible^ meaningfiili 
and relevant. Pictures^ diajp^ams^ jgraphft, and other 
yitualsz^ically found in acieiieejbe^^ 
manualsi Jt§p|3y^tr^ contexts for helping 

students fprBsp the intended meaning. Vocabulaxyi 
new to native mie^era as well as ESL students^ is bfti^ 
given with a biM-^cefl dei^ 
tributes to darii^g mean^ 

Mes^fer tile acqmsition of tenns and related language 
^rms. Effective science instruction draws extensiyely 
on a ^^ety of devices^ linguistic and extralinguistic, to 
ensure comprehiiijibn^ i 

Sden^^in many ways^ ielps^the ESL learaer get 
^ input nece^^^ knguage acquisition. To the 

dder student mith prior sdence instmctidn, t^e basic 
types of scientific discoiuse may already be familiaS'i 
desmptions, i^pSrts, iM jgroce- 
du^E^s^anomds of e^ and stetements of con- 

clusions as^ generalizations. Recpgnitioi; theBe dis- 
c»iurse forms in a new language draws dia Msie jScieh-- 
tific reasoning prdcesJes anl he^ the new 

languages inpm jmdera^^ students not 

yeLiamfliOT ¥ap these discourse uses of languag.^^ 
science texts and laboratory manuals present hew 
meaninga in ciear^c comprehensil^e 1^ 
: In addition to tiie aden^ and the 

laboxai^ maimals^ of ffie ESL student 

witii^peers_ also serves^ to generate input. Interactions 
during science investigations crt^ fof_ a mde range of 
language functiqns^ includi^^^ 

ieekwg J^larificatidns^^^d^^^ bbseriratiohs. Fol- 
Ibwmg dwectidaas^ cai^ out investigative proce- 
dures, observing resulte, and cbrawmg conciusions con- 
stitute aspects of the genuine^use of langua^^ found in 
science. Lmiguage uaed in Iciehce^ Contexts such as 
these provides^ a rich source of input for the ESL 
learner. The oral language used in science experiences 
and the literacy demands in reading textual material^ 
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following procedures for conducting investigations, and 
writing follow-up reports contribute to the overall 
development of ESL. 

Affeetive Variables 



-Hi^ mtefest said mbtivationj mtirinsic^ ^scientific 
inquiry, are maijor contributors to second language 
deyeiopment Affective variables such as motivation, 
self-confidence^ an anxiety promote or hinder the 
mental processes gdveming la^ development. Ajdi 
effective language^ development ^virbhment provides 
comprehensible input in a low-anxiety setting. Science 
meets these reqmrements. 

Wheii students are Jictively ee^aged in science^ the 
fccusifi bn^ffie physi^ 

use revolves around relating observsdions^^^ x:ommu- 
nicating other aspects of the investigation. Because 
students i4 l a focijUBing on said-^meaning 
-they are iibtpajdi^ messages 
are e^ressed-i^eu* fizTO^ E^ws in lanj^age^rm^^^ 
passed over as long aa they do not disrupt com- 
munication. If understanding does break down^ various 
strategies may be used tO: detenniiie the meaning and 
continue the Activity^ JBboldng puzz a 
wbi^_ means, and repeating a sentence ^r phrese wiffi a 
question intonation are various strategies learners use 
to cope with not understanding. Such coping mech- 
anisms^ often referred to as: Mralegic c6mpMem:eyLB.t^ 
used in abundance Jy gooi language leam 
suppbi^ive ^lassrobm use <^ such strate^es 

does not cause learners to become overanxious or feel 
threatened. Because science experiencea a^^ intrinsi- 
cally interesting, llUigaage learn use these 
strate^es while maihtaming pbsitive attitvi des^ ^nd 
continuing to receive the input needed for language 
development. 

Affective variables play a critiMl role in second 
lahguage develbpme^^ isiges; Atti^des 

toward thenew^ language and cultur^^ intersect 
with the affective climate set in the classroom. Negative 
responses in any of these dunensions can inhibit second 
language development^ just as very positive ones can 
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promote it ^Imore,!^^ 

-^ A m^jor Tole of tfie teacfier^^ science or ESL, ia to 
make certain thut students underatend intended mean- 
ings. The teacher aiso keeps annety jeveis low^ by 
not demanding ianguage production prematurely or 
requiring tiy to 

use the language. Correction is focused on the truth 
value of the language used in termjs of scientific 
accurac^i^ interpretation^ analysis^ creativi^ eval- 
uatidn. Manyjerro^ fbim ax^e i^urally^i^icated as 
the lefflm€«L dfevel^^ of the^ language system. 

Errors in wntten activities, including lab reports, may 
be addressed tiirough npnthreatening techniques such 
as those used in teaching wntiii^ peer 
editing and teacher conferencing (Oa^^s, 1986). 



Learner Interaetibhs and Olassrbbm Structure 

The claswobm stro^ includes ihs&uc- 

tional st^le and student composition^ can inhibit or pro- 
mote second language acquisition. 
- In a lon^tudinal study of y^^ 
English aa a second la^^ (1983) found 

^at^ relatively open class structure works only if 
enough native English speakers arejn= the class id 
enable sustained interactidns v^ith tile ESL leamers; In 
an open, interactive setting^ the^^ of lan^age 

input to fiffiyihdiyid depends on the student-s 

own ability to seek out others in the class who speak 
English and to initiate some, kind: df^ 
exchange witibi them. Because of eacltJea unique 
set of peradhallty - laraSenstics, not all students can do 
this^ equally we^^^^ I^qr classrooms with a high concen- 
tration x>f second language learners^ a mw^ teacjier- 
centered appraach may be njcessary, particularly ifihe 
^SL Atudents: share the jsame ^st language* The 
teadier must j^ieir slructmre and m^ the activities 
in sudS a way as t^ ensure that each student has 
adequate access to second language input ^ 

Science presents extensive opportunities for stt^^ 
interaction. laboratory wdrkis_itype ofopen classro 
that proLvideiS enotxgh structure and management to 
make conditions for second language development 
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possible even when the cdncentratidii of ESL students is 
high. 1 __ „ _ ^ 

_ .Science l^s normally require students to work 
togeti^er in small groups. ESL learners doing science 
investijrations together receiye language inj^^^ 
putidpate m meamngM ii^^ ^ 
interaetioil is kc^weeirjab^ativ^ spec^c^ En^i^ 
tiia qjtantiiy imd vanety of language practice and the 
quality of the process for arriving at an undei^tanding 
of meaning tJu-ough group work continue to facilitate 
second LKQguage acquisitibii (Ednjg^&P^ite^ 

Science Ja&_al8b_^^ language learners helpful 
variations for getting input. Students often have oppor- 
tunities in a lab to act as peer tutorfc In a study to 
Mexican-Ammc LEP and mbhblingual £ngKsh- 
speaking students, Jblmson (1983) found tiiat struc- 
tured peef-tutd^^ focused on the natural use 
of En^ish led to significant increases in x^ocabulaxy for 
the LEP children. In carefelly stnicturei 
signed for exchanges of infomatibn^iiL English, LEP 
stMehtafinctibned^ students 
m this^ study; Science ^^^^ provide a similar structure in 
the sense that the role of tutor may alternate within the 
group. The ESL student may at times be a tutor as the 
group completes all the step& necessso^ lab, and 
at other ames be the one tutored. Benefits are derived in 
either case 

Peer interaction must also tak^ into a 
tiiat can potentially alter its e^ctiw^ 
Anthony 11982) explain in detail^ classroom social 
status affects tfie ffeq of sUident interaction. 
Interacticm itself affects the amount of learning. TOey 
found that children with hi^er social status have more 
access to itLteraction and that children nb^t fully pro- 
ficient m Englis^^ as having lower status. 
For peer interaction tolbe effectivCj status effects must be 
treated. One program that has repoiisd effective reM^ 
in modi^ng stJttUs ^^ffects is the Finding Bu^ 
Descubriimentd ctimrahmLdeveloped by De Avila and 
Buncan^ (1984). This bilingual science/mathematics 
program makes use of learning centers in which 
children take turns at various assigned to^ 
gradually understand that new learning draws on not 
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jttftt a^&i^ jKbility- but 4 number of iuu>ebtted dnea. 
1^18 multiple-ability approacb to peer interaction 
reduces n^atiye jitetais effects, allowing all students to 
gq>enence Jli& sigilUicant learning gains fi^ni: group 
mto'^e^ns^Sbiden^ lean! to use one 
resourcea ^gardless of liii^^mspc differences* Interact 
tion in this iTpe of heteros^neoua grouping facilitates 
conceptual learning: for att jtudents. When classrooms 
are organized M that LEP students have access to 
mteractive se^^m^ students c£^ jioquire bbtii science 
and English simultaneously (De Avila, 1983). 



Ckjgnitive Benefits 

: For children deyeloping_ a second lan^age at 
fghi^l, access io two Jac^ages appears toil^ve positive 
^fedbrbn cognitive fun studento i^ach^a 

certain threshold level of bilingual linguistic com* 
petence (Cummins, 1976). Studies from a wide range of 
sodGgnUtural contexts jndicatejUiat children who ktiow 
^o lai^a^s may ^ave jm adviin^e over mbnolin- 
guals OIL i«nous ineasur^s^ oT cognitive abilitie^^ 
consistent with Cummins' hsrpptiiesis. Positive effects 
appear even before language leam has 

fi^lyJ^alanced proffc^^ 

Jn a science education pTOgram compaiSg^m^ 
lingual English-speaking sixth-grade children with 
bUmguai peera using ESL^ Kessler and Quinn:(i982| 
1985} found that: bilingu perfbrmed si^ifii^n^^^ 
better thim mbnbling^^ in formulating isblu^^ 
science problems. For -this stu^ physical sdence 
problems were presented through 3-minute film Imps. 
Students then cdllec^^ asking yes/iio questions 

of the teacher. Ilie fihtt session witlt students 

writing as many hypotheses as possibl^^ m a^ngorqusly 
cqntrolied i2-minute period.^ In disc^^ssion sessions 
fdHowlc^ presentatioil of the film loops aild the writing 
df^3i^d&eses, childzen leamediibw te Judge tiieir owi 
hypoti^eses and how to make ufi^ of then* obser^ 
and inferences to generate hypotheses of higher quality . 
The abiU^ to generate multiple solutions to a probiem 
^ustrates an^pecSibf div^g In addition, 

children using ESL were superior in convergent 
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tid^ing^ as^ seen in the linguistic process of metaphor 
Formation (Quinn & kessleri 1986). The similes in 
Francisco's, lab report relating sow bugs^^ctes, tires 
and tnnadillos give ewd^encis of iiiis^ process;^ Research 
on the interMtion- (tf co^itiqn and language with 
8cien«i ju^sts teat Mlingual children may enter into 
divergent and convergent thinking more fully than 

their monoUx^al peers, ; 

Efrawing oilMteraetibn be^een c^^ s&uctures 
and c^tKural ezpenences, science provides the external 
events to challenge existing cognitive systems by 
presenting inconsistencies to e»8tin| sy8tem8i Efforts 
to use_two_lanjfuage8 catt_^ source of 

disequilibnum because competing linguistic codes are 
available to the learner. This conflict leads bilin^al 
individuals to build new cognitive systems at higher 
levels. Affective dislRimlibrium trigprs ihe feeling that 
"something is wrong*' or that "it^ doesn't Ht" and 
^htributes to^e jprocess. For bilingual children, even 
tiiose not ^lly proficient in the second language^ efforts 
to "make tilings fit" cognitiMy^ a^ctively^ and Imguis- 
tically in science: problem-^ving^ngage brain mec^a- 
ziism^thatstmm]^te bd^ lan^a^ and cognitive devel- 
opment. This intmiction facilitates positive gains lin- 
guistically and cognitively for aU chilfiren^ butpossibly 
more fully for dual-language users (Kessler & 0uihh. 
1982). 

InL^a zstudy^ of ^4 Mexican- American LEP third- 
g-aders, Bodnguez and Bethel (1983) fotmd that Jcience 
inquiry facilitated the development of classification 
skills and En^ish oral language communication si- 
multaneously. In a sa-iea of 39 science lessons that 
mtooduced scientific concepts by requiring the manip- 
ulation of concrete qlgects such as rocks, buttons, 
blocks, and shells^ children learned^ to make obsenra^ 
tionSrComparisonSj and desmptiohs. They eventually 
leameditq^roup objects on the basia of perceived and 
inferred attributes. Each lesson introduced spr-cifie 
terms appropriate to the o^ects^ sueh as solubility, 
texture* and perxtieability.: In developing ^ffi language 
of 8cien<»« ehildrm learned new vocabulaiy in context, 
word meanings, and operational definitions of tenns. 
They learned now to use the precise and descriptive 
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ianguege of science. Manipuiating and classifying 
c^ecte gave duldren opporti^ to talk about some- 
tlflngjfeey w^re doing.^^ peers and the 

teaser were an important j>art of ranymg out the 
classification tas^. Having something new, different, 
and mteresting to talk about contributed, to oral lan- 
guage devBtepmint^^ of tiie science 
&8Si^as^ sMres^p^ a test ofclas- 
siSratjon skills and on a test meanuing oral language 
skills* The inqujii? approach used in this study 
specifically identifies jcxintnbutions of the follomng: to 
the successful simult cognitive 
and linguistic processes in a science rohtezt: 

? use of manipulative matensSs; 

^ teacher's interaction wi 

• peerinteractio^^ 

• independent werk;^ 

^ discovery of relationships through activity. 

The Fading Dut/Descubrimiento c^^ men- 
tioned earlier 03e Ayila 4t; is a bUingual 
sdenee and ma^th^e pro^ranL that^has been 
effectively mplem^ m a niunber ^f schools with 
Spanish-dominant children acquiring English. De- 
signed for use^with small groups^ the 130 actiyiUes are 
dividedL into 1 7 units covering prind^^ of physics and 
mathematics in^ wiy that f Sate to i&ildreh's 
interests and experience. By structuring activities to 
encourage collaborative problem-solving^ tiiie program 
is i^j^tedi towaiti development of hi^er-level cog^ 
s^s;^^ ^e 1^0^ ^e, a^ivities also ma^ 
oral and written language in Spanish and English. 
Through concrete experimentation and interaction with 
the teacher and p^ inyolyed in 
comple^g^eir talk and woik j^getheh - 

A ^^roject using the Finding^ 
mv>re than 300 children in nine bilingual classrooms in 
San Jose^ Cai^^ gl'ades twoztl^j^u^^h four^ indicates a 
immber of puis (De Svila^ I983i De Avila^^ 
Intili, 1981). The linguiistically heterogeh sample 
included monolingual Spanish-speaking and English- 
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sptakiflg^*^^^ aLvaiioui levels 

of J^mj^^p^^^oi^^ m Spi^sb imd EngUsK. Bee^^ 

^&e Mttlticu of Cognitive 

Abiiities (MICA) png'eet show that participanti made 
improvements not : only in cc^itive^ aiid ac£d^ 
achievements bul also iiL language p^fic^npy^^u^Dess 
& pbnbnted^toiac^^ adassroom^organiza- 
tiion encoun^ng students to talk with each other while 
doing intellectually challengiiig activities and the 
availab^^ of a wide varisS^ of Uiigmstic iubgroups; For 
LEF i^iil^i^, Mie avaS£^^ jbf p^^^^hd i^im pro 
EngHsEr language^ input is an important resource. 
Language proficiency gains are a by-product of prob^ 
iem-solving interactioni in linguistic^Uy hele^^^ 
gniips as those of the ^]^^ The ^si^e 

efife^ bfime ginrap sd^ues &r hoi ^^vidihg 

a class into jteparate iingi^istac subgroups for instruc* 
tional purposes. 

A typical activity for tJbLeiFindit^ Out ciimj^ylum is 
the folltewin^a^mty taken £ct^m the: ^t electeic£l^ 
(Be A^Ba fe Dtmcan, 1984). The teacher's and all 
materials are given in both Spanish and English. For 
purposes of illustration^ the English portion is provided 
here. 



TWm: CONNECT A BULB 
Porposm: to InvestlgaU circuits 

MMtmrtais: Variety of j^l batterias, |^ (with 3 cm of 

insaiation removed at ends), fls^hlight bulbs, pencils, 
worksheets 

Cornsponding Op^hiloni tConcmpii}: 



inference: p^ictingk which Jtolb^wili- the basis of prior 

experience with batteries and bulbs 



Multiple ciasses^nciusion-excJasian: Jdenti^ and 
nonworking ways to connect batteries and bulbs 



inference: undexstmding why jsome arrangement work, some don't; 
grasping concept of circuitry 

so 
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[aadeats-woridng in sm a worksheet to show the 

ways to conncNCt asked to draw circuits 

that work in-the box-qrt[he loft-han skJe of the page and those that do 
not In the box on the right-hand side.) 

Suggisiiofis for TMChBhSiaamt tntBracHohs: 



1 . What did you think about when you made your predictions? 

2. What did you notice about all the ones that worked? How about the 
ones that did hot work? 



3. In what other ways do we use circuits? House, school, towns, 
phones . . . ? 

Vocabulary: cbhhect, battery, bulb, wire, predict, circuit 

The teacher's role is brie d^^ manager, 
asking Appropriate questions and^idi^^ chil- 
S'en's Experiences as they work in small groups^ pairs, 
or even individually at the learning centers. ESL de- 
velopment takes place naturally as LEP children do the 
activities that emphasize how children think through a 
given problem. 

Seiehee Learhihg an^ 
Second Language Acquisition 

Evidence indicates that ES£ stiidents can simuir 
taheously develop hew science concepts and acq^uire a 
hew language. As De Avila (1983) points out, LEP stu- 
dents will develop science concepts as readily a& main- 
strean^ students while they acquire EngUsh p^^ 
provided that certain conditions _are_ met. This polht is 
criticaHL because^ models of language 

and science instruction that require certv^in levels of 
linguistic proficiency before the intrbductibn of new 
scientific concepts. Such m may use s^ciehce for 
languap development hut tap basic,^rior science 
knowledge as at source of input for language acquisi- 
tion^ dealing with new scientific concepts in the stu- 
dent's first language^ before Jn^^^ the 
second language (Pehfield £ Gnisteih- Galicia, 1981). 

8i 
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In conceptuaiizing an Integrative Language Devf 
opment Approach as a counter-mddel iii which ht 
langiiap pri^Sden^ aiid academic c^ 
toge^er^ MHk (1985) idi^^ two mtical elements: 
integration of second lajig^^^ into regu* 

lar content^area instruction and creation of appropriate 
conditions for providmjf ^ for this model, 

as I^lk &uggests,::res^^^ in 
heterdgehebus small^graup settings. This entails: 

• grouping strate^s^ 

• ilteraate ways&r pro^ ^ 

• techmques !qr maldng subject matter compre- 
hensible; imd 

• oppottunities to dev^^^ language proficiency 
for academic purposes. 

: Given the necessazy conditions^ the resuU is the 
dev^elopment ofi cognitive/academic J profi- 
aehcy WMjP}, tee Utera^-related aspe^^^b^^ 
use necessary for school success (Cummins, 1981, 
1984). ^ 

Evidence suggests that LEP studenta can. develop 
new scientific cbncepta m either hilingual or monolin- 
gual English environments. ESL is used in either case. 
When the conditions necessaxy for second language 
ai^uisition are pre^ along with 

scientific concepts for LEP students. 



ESL and Secondary ScPiooi Science 

Ho (1982) oonducted a study of the relationship 
between physics : achievement and the slanguage of 
mstruciibn with lOtiir^jpSders in Hbhg Kbng;„ Ghiiiese 
students wJ&o were taught physics in English^ their 
second language, by a nonnative speaker of English 
learned the cotitent of physics as well as peers who were 
msbnicted m Chinese^ ihe^ jSative language^ Achieve- 
ment in physics was not imped the second 
language as a medium of instruction* On an English 
^fiden^ test that assessed listening comprehension^ 
English structure, ^cabifla^^ raiding m 
and writing ability, the mean percentile for the Chinese 
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ESt^ students was 54^ an intermediate proficient level. 

A case sil^dy of the acquisition of ESL a native 
speaker of Gt^arati conducted 1^ Kessler jnd Quinn 
(1984) ^tovidM evidence df_ substantial EnglishrlanT 
^ta^ developing m tiie cqntext of a physiral science 
course. Date from lab reports show that during an 
academic year the student moved out of a beginning 
preproductiye stajge^ systematically and extehsively ac- 
quinng voeabu^ s^^taetie Btructures, and ^he 
mechanics of writing.^ development occurred 

without t&e teacher correcting language forms. Evalua 
tions of work rested on the scientific accuracy of the 
reports.: Data for the case study were 28 lab reports 
<^jlected m a physk^ idence cSass a^^ personal 
lettera to the teacher in an ESL class during ihe course 
of the year> llbe science class juid the ESL class .vere 
taujght the same teacher, data for the iab 

repd^ pri^de sdi^ce ior ^alyzmg^^ development 
of ioiTO-^n^ction rel^ with emphasis on fol- 

lowing written directions^ identifying materials^ de- 
scribings pro($dureS| makii^^ itatiiig hy- 
potheaes^ Juid drawm^ iDoi^usibns^In addition to anal^ 
yais 1£e Imguistic ayE^^ students* handwnting and 
the mechanics of written English— spelling^ punc- 
tuation^ and capitaU^ation^were exan^^^ to gain 
inaight into acquisition of English iiteracy . Letters 
written in^e ^L clasa cdn-ol^rated language profi- 
ciency shown on the lab reports. 

ll^e Btudenta followed a foitnat prescribed by the 
teacher for all science reports, giving: 

• the title of the science experiment as stated in 
the text; 

• the problein aa s^m^esized by the atudent; 

• the matenals as listed m the du-ediohs; 

• the procedure as summarized from the de- 
tailed versidn in theitext; 

• the presentation of JShdinga^or obseivatio^ 
detemined by^pe acto^ and_ 

• the conclusions drawn from the data gath- 
ered. 



With this format, lab reports typically generated Ian- 
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guage that in some parts was copied from the text and 
in others was produced creatively the student The 
following example d£ a report^^^^^ the force of iSria^iLh 
Based on directions found in the s^^ {Bickel^ 
Eigenfeldy £ Hqgg^ 1^^ represents the early stage of 
English development: 

Title: The force of frictlbti and tfie waight of a Body 

Babelm: what happnod to the force book. 

Materiate > spring s^de; loop of thread; 4 Textbook 

Procedure — Four textbook will be needed for this experiment;- so 
shbukj work in grbupe of four. Rnd the weight of book b^/ rneans of 
a splnng scale, and re^rd the weig^:i 

number of book weight of Book fdrde of (Friction) 

in newtbn in newtbn 

1 SN 31^2 N 

2 is N 6 1^4 N 

3 27 N 19 N 

4 36 N 12 N 

Cbhgusehel — the book differbe newten and twice tirhe 

The student ctearly imderitood and followed the pro- 
cedures in recording the weights itnd^l^ating the 
foixe of fiicUbn, amvmg at_ a reasonably appropnate 
conclusion even though verbalizatir' posed problems. 
Errors are present for both copying ir d productive Ian- 

gua^ tise^ teit the main ixieJuGd^ 

^ Dunng tiSe ye^ Hte^tud^t generate^ mcreasihgiy 
more productive language, and t£e quality of language 
u^^t^d in writing lab reports showed marked changes. 
The following repottnm the solubility of iiodium chloride 
shows tiie_level of ESh development reached by t£e end 
of - he year. 

Tital8« To Find the Solubility of S dium Chloride by Evaporating a 
Saturated Sblutibh 

Problem: find solubility of sodium chloride 

Bi 
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Maieriaiss 10Q ml grsda^e; evaFX>rating dish; eqaal-arm balance; stand; 
4Hnch ring, wire gauze; burner 



procedure: i ) find the mass of the evaporating dish, pour the solution 
into the dish 



2) Attacb-the ringio the stand so that the ring Is about i d 
cm above the top of tho burner 



3) When the salt^pears to be dry, heat the dish strongly 
with the full flam of the burner 



data: 

1) rnass of empfy dish 4^ .2 g 

2) rnass of dish plus sblutioh 63 : 

3) rnass of solutibn 21 .8 g 

4) rnass dish plus salt 51.4 

5) rnass cf salt 7.2 

6) rnass of water 14.6 
7J vblufm of water frtll) 14 .6 
8) sb!ubility of NaCI - 49 3 



volume of ^ 'ater (ml) 

Congulsen: Salt is very solubility in water. 

By tfiis sf ge, tfie-Btonent paraphr and sixm- 
roarizes much more extensively tHan at the beginning 
of the year^ relying much less on copying from the text^ 
aud fewer errors appear iii langaugj forms and writing 
mechanics. 



ESL and Elementary School Science 

In FrRncistos fifth-grade Biiihgual class in 
Pearsall^ Texas, science was an integral part of the 
ciirnculum. Siuients^ usually working with partners^ 
regularly desi^Jed^te iwh ihvestigatibnsi^n the 
pattern of the high school phyfSt£;al science reports, they 
also wrote up their investigatians. Since all students in 
Uie class were classified aa LEP^ science activities in 
English were sinmltahedusly ESL ac^^ A major 
project of the year was to write, as a class, a series of 
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books^ including two on science. Students wrote and 
edited their material, adding iiiustrations where ap- 
propnate. llie tea^ and seryed£s 

a r^Muree perabh, but did not correct the work before its 
publica^n. ^ ^ ^ ^ ^ _^ 

A typical science report produced by late March of 
tiiat year is the foiipwing on using an overhead pro- 
jector microscope to study insects. 



A flea 

MATERIALS: one flea, paper, projector miscrbsc6p>^, two gla^ slides 
PRGGEDURE: 

1) Geta^bracA. 

2) Thbr get t\ ^ do^ ear and ydu can find a i)uhch of fleas. 
3} Get th^ fm^ with your finger haHs arKl pu ll it but 

4} Put it in a sm^! biig about the ^z^^ 

5} Put th4) t.^a on a g\B»i slide and then put the other glass slide on 
J top. 

8) Put \^ .v'^r dh \\v& priDj^br micrbsbpe. 
7J Turn Sr\ the ijrbief. Jo: rtiiscrbsbpe. 
8) Fbcus. 



RESULTS: 



First the flea little and then the flea was big. And the flea had like a 
noedle on front x^f his hi^sd. Thb flea had jike Hair ph therji^et and on 
there back, And the flea is fat but when it's cut of focus it Idoks skinny 
and tittle, pltusd^ffoh gh^h) 

Having started the year basicaliy a& nqnreaders of 
Eii^sh; t^ese fifth-grader^^ way tii 

reading through this process (Hayes, Ba' - ath, & 
Kessler, 1985). 

Researc^^ evidence from teaching sdence in English 
to LEP 8t>rrieji>t^^^ indicates that: both science and 
language can develop at the same tixae^ cbildltibns 
fir Effective science and second lan^age 

acquisition are met through tiie classroom structure 
and management. This goal entails adjustments in the 
materials to meet lanjguage needs^ extensive peer and 
tea^ier mt^actibns, and i^ ihterestmg and 

cognitively enriching activities for the ESL student. 
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Materials for Science 
ahS ESy Development 

Mfiitenals designed specifically for tHe simultaneous 
development of scientific concepts and ESL are not yet 
widely available. Id. most <^ses^ teachers a^^ left with 
the task of trying to adapt texts^d activities designed 
for native sp'*?'*'? - of English. Kibwing how to us^ 
materials f. liowever, can lead to successful 

experiences V '/cth science and language learning. 
The physical science investigMions by a high school 
student, ihe. examinattdns fif the eimronment ^y 
migrant cpldren, the classifications made by third- 
graders, the hypotheses formulated 1^ sixth-graders^ 
aU discussed in this chapter^ indicate that science and 
ESL dcan develop together eveji: ^dthoM uhique^^^ 
pared matemls pr^ that Uiey are used under ap- 
propriate conditions. 

To help teachers make appropriate adaptations ^br 
science materials^ many: schodl districts have develbped 
science ctirricului^ ierve as a resource in 

wbrkmg witt BEP students. \^itten by classroom 
teachers in many cases, these guides typically give 
specific otgectivfes for a lesson^ identify relevant vpcab- 
iilaiy, andzpresftnt a >?3t bf^.^^ but the 

bltgectives^ Ebllbwihg is in j^amplr of a lesson designed 
for use jwrith kindergartners^ adajp^ted from a science 
guide for the Northeide Independent Schcol District in 
San Antonio^ Texas (Hayes & Pearce^ 1985). It it inten- 
ded for use with a wide range bf English prbficiehcy 
levels. 



Physicai Science Strand: ENERGY 



Sample Activities: 



1 ) Shake coffee cans and decide If the soand is load or soft 

2) Listen to a sound made the teacher or je^er wlth-an 
unknown instrunient out of sight of the children: Have students 
identify the object. __ _ 

3) Listen to a rhythm clapped. Identify It as loud or soft: 
Reproduce the rhythm. 
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4) Make a telephone. See whsd will carry eoand vibrations: 



Sj Matoodrams irom -empty jcoffea cans ami odmeal toxes^ 
Compare the sounds and discuss why one is louder than the 
other. 



6) Make a xylophone from jars to see and hear how vbratbns are 
made. 



-_ - For ^Idreii acqairaog EnglisK^: ^ese^i^mties he Ip 
to develop concepts associated ynth sounds along wit^ 
reieyant vocabuiai:? presented in a meaningful e:q}eri- 
eiice^ Majiipulatin such a& cans or jars^ ac- 

^uinng^- dat&ilH^uih^ tJie i^enses^ listening to various 
^nds of sounds, ^assiigrmg scmids inti) lotuL or eoft, 
and developing the concept of sound vibration are all 
part Hof scijntiS^^ Communicating data by 

identifying ol^ects and desi^nbing and con^^^^ 
sounds^ ffine^dm^es-^t ointilbu^ tdiangui^^devel- 
opment at ^eaame time. Acti^t^a such^a^ 
reproduce a rhythm or following Uie teacher's direc- 
tions tdmdke a telepho^ to those of Tote^ 
Physi^ lU^siKinse^ a metfabdb^ for second language 
teaching (Asher, 1982). 

For older children who can read in their first lau- 
guage> ijppiementary matc^rials for the scie ace text 
may heJ^ develop language ne^^^ pai'ticipate 
oiore fully in clas^ a^vities 

rontn^^ te t3 understandi^^ science contenr 

Kessler iind Fathman (1985) developed one su p^ei u 
matenals to _acc^^ a cpmmerdally a^^ ;ci- 

exice -Series. Befflgned tc help_&tudents get nieju^mgiul 
inputs ^6m reading^ f^^ science text and^ &dm inters 
acting with the teadier and |N»rS| the activities draw on 
a v^ety of cognitive and lai^ 

The fdllbwmg exerefee:&^^ electii^dtyjuid 
magnetism for six^ ^ade illustrates febw the tex^^ 
integrated into the reading and writing activities 
(Kessler & Fathman, 1985, p. 35). 



Unit: ELECTRICITY AND MAGNETISM 



Exercise F: Read about cbhdudpi^ of electrici^^ on pages 160 and 162 
of ycur book. Dedde if ea::h of the fdlldwihg things is a good or a poor 

8S: 



ffl ESL/C^H^^-ilBEA INSTRUCTION 

conductor of electricity. Write It in the correct box below. 



dumtaom wpperwire paper 

^bber te^ oon eraser gold 

silver plastic 

GOOD eONDOetbRS POOR CONDUCTORS 

(box for list) (box for list) 

1 . Why are sdrrwLthj^sjg^ cbridactors of electricity? 

2. Row £kfe poor conductors >jsefaj? 

Tfie i^ms listed for ciassification are i>icturfcd and 
labeled either in the text itself or in the ESL workbook. 
Before thie ezercisej students iiave ed^ a iumber 
of dtherjs that ebntnbnte tee^i:^c?ual buildup of the 
y^&M^a^ £^^ci&t^ witSi electric currents, circuits^ 
and omdu^^ As they acquire vocabulary for 
concepts they can engage iji ilass inquiry 
these noiigns. In lir^guisti classes, 
peers c^jserve as tutoro to help ESL learners success- 
fiflly (^mplete liie exeraises. The teac ier, peers, textr 
book, and workbook all serve as sot^^^ 
languag'i acquisiticn in the context of sdenc^ lessons. 

At the 8^Ma]o^ sehckil lev^ a text by Fa&man and 
Quimi (ftrtiicoming) is designed to provide ESL or 
science teachers with a series of ideas spedfically Ib^ 
i^.acMng scientific concepts to LEP students. Or^ntzed 
around a uniting theme of Sher^ 
cghesive set ^f sfeihce discdveiy lessons together with 
fi^ggesteU langaag^ All students participate 

in Ebe investigations, but the teachcrAs explaiia^^ 
vpcabulai^^ and language exeri^ can_be difect^^ 
the specific needs of -Studentis at ^^lyihg English 
language proficiency^ ^1^^ The language exercises 
follow a notional/Kinctionai approach, relating Jah- 
guage fimctions with ^ecific sdehtific concepts^^ Each 
chapter Includes descrip for three 

kinds of activities: a teacher's d^ a group 

activi^y^ and^ an individual activity. The teacher's 
demon filtration gives students the opportunil^^^ to Usten 
and oteerve before produ^ the 
group activ ty, students work together in setting up and 
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group activity, stadehts work tbgethe* i& setting up and 
car^ong out a simple inve^^^ interaction 
m encouraged through observing, recording, and inter- 
preting the data obtained. For the individual activity, 
speciHc directions are given for what to use and what to 
dd. Following ^acK type btictMty^suggestm^ 
given for language exercise^ induding y^cabulary^ 
what to discuss (listening and speaking), and what to 
rMOrd (rcadiiig and writing), Worksheets accompany 
eael^M the physical or life actiyitiesj providing 

exerciseB for ESL jstedeiitjLatvaiy^ 
Drawing on ciirrent approa^ea to both languid and 
science teaching, the text is kitend'^d for use by ESL and 
science teachers working individually or afr a teiun. It is 
de^ipied for both e35)erienced:ahd mexperienced teach- 
ei s to ^ve assistance in tea&ing langua^ w pre- 
senting content related to the science curriooJum. 

The fdijowing sample activity from the text is 
excerpted iriim the ^ c^ on animals. The science 
concept fir this chapter is to ^dw fliafe animals are 
living things that move from place to place on tiieir own 
power. Related language functions emphasize mak* g 
suggestibns and expressing opinions. Science and lan- 
guage notes to the teachisr : are included to provide any 
hecessaiy Ijackgf qund in dbmg^ the activities^ SHence 
nott7. summarize the basic concepts around which the 
chapter is organized. Language notes give the linguistic 
background for the form and function relationships 
used in the science content. 



Title: ANIKWLS THAT MAKE TRACKS 
Activity: Teacher demonstration 

Topic: Observing how sonne animals nr^ake tracks when they move 



What to Do: Listen to the tn^her and follow directier't^ as the teacher 
shows you how traces are made. 

Words to Study: 



Beginning: animal, human, tracks, newspaper, clay, move, walk, print, 
across, sand, mud 

Advanced: characteristic, energy of mbtion, pattern, a set, a series, 
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What to Discuss: 



1) Mito suggesticns^^^ on how to lodR for trac*s iri 
places outside of yoo^cl^roorT^ For example, you migh? "Why 
dbhl you look in sand for tracks?* or "If j wei9 you rd look in h»ud." 

2) Suggwt where you think the best tra^s might be found. 
3} 0e8crl)e different trade patte^^^^ 



4) Pisoiss the qjjMtibns. What aoe sarnaOTimate4f5aUnake tra*sr 
are tracks madB? What olher J Vr^s^ktes amimate-mate trades? What 
do tr3^ of different sizes anti iha^sJellmt Where ar? tracks often 
found? Why are tracks evkiehce of energy of rnotion? 

What to Record: 



1J Dmw a picture of the tracks that sortie of the students made when 
they walked in th^ powder 

2j Wfli^ the names of animaJs that make trades and the best place to find 
tlie trsdes. 

Appropriate forms for making these recordings arc 
given.) 

Acti\atie8 continue with a variety of langua^^^ 
exe^ tisesv Ammg them are drawing circles ircK^a^i 
t^rm^f identi^in^ and wn^a^^ sugges* 
• : set laid j^^b^jinswers to questions based on 

W - ^^ ^resti^ioxr of animal tracks. 
^ in subsequent activities^ students worfc in^inall 
groups an4 iater^ independent)^ in fiirffierSaboraedn 
of the concepts inv^h^^ tee mcrtibn of animals and the 
language functions of suggesting and expressing 
opinions. 

Wheti^er designed for_ kindergarten, upper^eleme^ 
tfi^'. or sec^n^ai^ sehcH^lBtudent^ the sample activities 
presented i^re^a^e illustrative of how science and lan- 
guage development can take place together. It ran daur 
under the direction of tee ESt teacher or tee Science 
teacher. Successful im^ however^ rests oh 

a iumfer _^_fictere^^ to classroom structure 

uid man^ement and providing a climate for language 
interaction and inputs a key factor is tlie ESL teacher's 
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scienc^teac&erV^s^ basic notions of second 

language acquisition. For both, it is important tp xinder- 
stimd tiut file oral ezch^ in l^ke adence^lassi^^ 
orlabbra&iy eontribMe^t^ tbe^development^f listeiiing 
and spa^^^^ or spo^n disco^e^Wntm to leam 
science (Jobnston, 1^85) can develop literacy for both 
reading and writing. The written discourse found in 
tezts^ lab iiunuals> or studei^ material is 

cructaL^ the de^lopment of &e ability to function 
academicaUy in ESt. 

Key Factors for ESL and Science 

_ C^ffmit approa^ea 8 and Mcbnd Hmguage 
education based on results of both research and 
classroom practice indicate :a set of central notiori^B^^ for 
relating science and ESL. Evidence present^ in tihis 
chapter jpves iparticular emphasis: to the fdllowing 
reasons why science inquiiy can facilitate development 
of ESL: 

i. Science provides the 80cio<x)gnitive confl that 
spurs 6 ivelopmeiit of a new langiiage system. 



2 Science provides a source of meaningful and 
relevant kmiguage inputs using handjB-on materials and 
teztB witk eztralingUistic d^icej tdiai^ams, chart^s, 
pictures, other visuals) te (darB^ ineamng. 



3. Science provides^ the positive affective conditions 
of high motivation and low anxiety. 



4. Science labs f^mde e]dbensive^^ppb ior 
small-group interactions in which students negotiate 
meanings and receive comprehensible language input. 

5^ pTO^i^des qpportu^^ 

grouping with V ^ role of peer tutor altematbig among 
students, fkctoj^ to input interaction^ 

atd positive affective climate. 
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6. Science provides experience with a wide range df 
/i^nguage functions. 



- -7i Science lead : to extensive vocabulary develop- 
ment heeded for sr success. 

8. Science mtegrates all modalities of_l^ 
use: listening, speaking, reading, and writing. 

9^ Science provides literacy-related tasks for devel- 
opment of cognitivp/academic language pfdficiehcy. 



10. . Science ises prior cultural m educational 
experiences for developing new concepts. 

All of these factors taken together reflect 
conditions provided through science for^ ESt develop^ 
mint Hbwiver^ c^^ of science and 

language educa^^^ changes in current 

approaches to teacher preparation. For science ediica- 
tipn to affect ESL as fully as pdssihle^ sdehce teachers 
need an understandih^ M hasie pnhciples in second 
language acquisi^^^ ESt teachers need experience 
with basic processes in science inquiry. Although 
inquiry experiences are integral to ef^tive science 
prograrns^ they mar require structural adjustments in 
a nu^ ier^bts'^ays rder^ pMn^^ language develop- 
meni.. B ESL an. ademie need awareness of 

how ' rerognize and make use of conditions that 
facilitat- fe.iguiuge acquisition in a content area. 

Scicijce gives a rich context for genuic'O laiij^age 
use. From a language Mquisiti^ science 
afiLinquiry can serve as a focal point around which oral 
lan^iage and literacy in ESL can develop. Iri science, 
the ESL teacher can find the cohteiit and £bh^ to 
encourage languap acqu^^^ Specifically, from the 
ESL perspective, science offers: 



• interesting^ r^^ev£jit. r:td challengihg coiiteh^ 

• opportumtief >r students negotiate me^^ 

• an abdhdai input; 

• conditions for keeping students involved; 
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• ihaterijal for d€' elopirLeM of readings ^ 

• activities Jbr dcvelopmeiit of wnSng; and 

• experiences with the forms and functions of 
English. 



94 



3 

ESL and 



ERIC 



IhsfrUctidn 



iHBsa Klng^B aiteOT iFaganjcT^ t Rod Bspr 
Arting Mt Comty, Ylrglnm, Publk^ SeKooa 



The lUitimate goal of English as a second language 
(IKlLi prbgraias in the elemeatai^ and secondary 
scfiMla is to prep^^ 

studenta for auccess in mai^to^m classes* To adineve 
this goal, the scope of instroction sSauld be Bro^^ 
enough to i^mbrace the 1^ concepts o! 

cohteht^-at^a su)^'^^ Tiachmg Engiish is not an end 
in iteetf, Mt only - a means to an endr th^^ cdtical 
outcome ia he^^ weU teachera eqmp students J^^cceed 
in sciiooi (SaviUe^'hroike, 1984). It has been dcKnamented 
that Jecdiid tanguagi studeiits can develop and 
strimg&enJfimgMp skUls w^ile act^^ knowledge 
and academic jIoHs that cracial for jmcee^^ 
content^ajrea sutgects (l^bert felSckex^ 1972XH8^ 
langtia^ as a vehicle to focus on sulg^ect-matter content 
is jmt effective way of providing natural exposure to the 



This chapter addresses tfie foHSwing jureas as they 
relate to E^L and social studies instruction: 

* why social studies is or should be a component of 
ESL ins&ocSon; 
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• ciimculum development and program design; 

• staff development and teacher training; and 

• e^active teaching strategies and model lessons. 

Language ah^ Gohtent 

The language used for academic instraetibn is 
clearly different from the language usied for social 
communicatim CumminiV 0980) tw^ aspects of 
language_proficieney are: context-embedded, or fkce-to- 
faee^ommimication, and context-reduced, or acadeinic 
coEomunicative prof!cien<^. the ioimer is mti<aal in 
establishing social relations ouUide^^e classroom and 
includes paralinguistie jiids j» com^ such as 

gesture' intonation^ objects, and people. The latter 
(fontext^reduced) is essential for achievement in 
academic sulq'ects in schoo^l and relies^ edition, 
cpnoeptual development, and the mbre^^^ language 
used in textbooks aiid lectures. Research oond in 
Canada iGummins^ 1982) revealed that LE3P children 
can reach native-speaker ability in context-embedded 
proiicien^ within 2 years. That ii^ Arithin 2 years of 
exposure to ttie target Jahguage 'English), most chil- 
dren were able id interact socially and affectively witii 
peers frnd^dulto. Success in a social context^ however, 
doea not guarantee success in an acadeMc eiiinrbh^ 
ment For^children to perfdi^ to 
that of Uieir Ehglish-spei^g peers required 0-7 years. 
There is a considerable gap between the time second 
language learners are capable of communication and 
when they are able to function effectively in content-area 
classes 

lii many ES£ programs, LEP students are 
mainstreamed after reaching the "ttireihold" leveLby 
demonstrating social communicative prdfidency. The 
thrMhold level _ is the Je^ee of langtxage proRcienQr 
needed^r survival in a second tenguage environment. 
It distinguishes between the language sMlls necessary 
for basic oral communication ahc* the academic, 
literacy-related skills used for instructional purposes 
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(GHamot, 1983) (see Figure 3,1), For LEP students, 
academic subjects may pose particuiar probiems 
because they may not have been adequately prepare 
deaL with tbe language^ and jikiHsi^ecessary for 
content-area stibject matter* Glea^ ESh programs can 
play an active role in promoting the academic language 
proficiency oif LEP students^ therel^ increasing the rate 
of success of mainctr^amed second language learhers. 
EiJL teaoherfiL should try to integrate lah^iage^nd 
cbmmmiicatioh skills with jtcademic skills and critical 
thinking. The secona language classroom should be 
viewed as more than a place for children to develop 
linguistic coinp^^^ recognized as a 

place where: studtMitsJeam ho w to manipulate^ apply, 
and expand language in order to increase their 
knowledge of content-area sufagect matter. It should be 
recognized as a p] ace where students develop an 
ih<*easihg awarenes they £hbw in 

order to understand relationships^^ solve prolflems. 

It is also evident that mainstream teachers need to 
become more "iangaage--sensitive" in conducting 
classes that include ndnnative EngU speakers. Being 
aware of ESL methbjis wbuli help & teachers 
mcorpbrate acti^ies that ehhah develop- 
ment, both oral and written, into content-area lessons. 
The need for teacher training in content-based English 
instruction was substantiatea by a siirvey of secondary 
teachers whb zcbhsidered their tbp priority to be 
strategies for JESL ihstructibn in the content areas 
(McGroarty, 1985). 

Chamot (1983) has designed a second language 
learning model based on Blbbm s taxonbiny iBlbini & 
Krathwbhl, 1977) bf cognitive dbmaihs^Ih tiiis model 
(see Fig. 3.1,_p. 92), each of the six cognitive levels is 
matched with corresponding linguistic processes^ each 
successive level building on the concepts and skills of 
the previdus one. Both internal (raceptive) language 
skiHjlihd external (productive) language skills are 
outlined for each level. The first three levels- 
knowledge, comprehension^ and application^omprise 
the survival ianguage skills developed by : second 
Ijmguage leaitiers as l^ey apprbai^ the threshbldJeveL 
At these stages, students membrize, recombihe 
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elements, and use language for real communicatiGh. 
Tfie next three levels— analysis, syitliesis, and evalua- 
tion— include the academic language skills that are 
critical in cbhteht-area ihstruction. At these stages, 
students give and receive information, give explana- 
tions, make comparisons, relate ideas,^ draw conclu- 
sions, express judgments^ and make decisions. 



Knowledge 



Recalling 



^mpireheiuidn Recombining 



Internal iMgo^gB SklDi 

Diiqjmlnjiflmv of iad mpnueip 

^unka in ^twiiiig. IdenUfiea* 
Urn of libelj, letteri, piuiiw in 
reading. 

ReeogniQrau ot find re^Tcmie to 
new:: combinations 6r= known 
wordi jmd ^teri iw in Uatening 
and_i>ral:readiag: Internal &«ni- 
lation to and fSnaa. £^ 



ESiteniillAQgiifge Skflli 

f^uc^^n: of single words and 
foimulas^ imitatibii of models. 
Handwxldn^ *P^^^r^^ of 
known elraenti from dfetatibn. 



^meigttice <^iintei4u£iage/tele- 
grephic speech; code«switching 

guidelines and recombination dle- 
totion. 



Application Communicating 



-Sbdal Interactt^ 



Caderstanding- mMnfag gf what 
is:listesed to in infimal si^* 
Mona. JSisefgenee of sUttit read* 
ing for basic eraptehension. 



Qommunctatioa of meihihg, 
feelings^ and:1ntea6oo in iocial 
iyad_highly_^nteztaal^ed iitua* 
tionSi^Emergence :of expoiitdry 
and creative writing. 



___4:_ 
Analysia 



InTbrming 



Syiitbeiia Generalising 



Aq|uisiti<m of fiictoal i^Cbrmation 
from listening and reading in 
decontextualiced sitaationa. 

Ua_e ipf Jn&n&ation: acquired 
tlutmi^ mdingi^ to 
^<l_ralatibnships;_j^ke infer* 
ehces»draw conwisions. 



Ag^tibh of fictod in^nnatioii 
acquired to formal, academic 
sprang ind wrifing acBviOes. 

Bnlanados of : relationihipa, 
inlerancea,: :asd eonetniidni 
through formal spee^ and 
writing. 



BvmluaSbn 



Evaluation of _accuzmcy.-J»iIiie» 
Judging >^«_appUayMU^ of ideaa^icquired 
throng reading and Uatening. 



Ezpresdoh of judgments through 
speech and writing, iise of rhe- 
torical cdnventioia. 



^9""'® 3-1 • Second Language beaming Model 

Np^^From •'Toward a FuhetioriaiESb eDrricDlDm in the Elementary 
Schoor by A.U. CHartlbt, 1983, TESOL Quarterly. /7, p. 442. Copy- 
light t§83-by Teachers of English to Speakers of other Languages. 
Reprinted by permission. 



9§ 



ESLandSodalStiidiMlnsiiii 93 



e&ambt's Second Language Learning Model is 
developmentai in nature and providea a basic 
framework for skills prb^eM Ttte^ designated 
threshold level ii^parates social from academic 
profic&xicx^ Going threshold ieveU there is a 

hi^ degree of correlation between the highest tl^ee 
levels and the critical thinking are 
empha^zed in social studies: ins^o^ are 
often required td draw cbn^^ make inferences^ 

deteraune rela and make compansons in 

histqncal contexts. FHirthermorei tJie vocabulary ithd 
concepts presented in social Jfcu^es^I^^^ 
nattu-al means &r developing thinking 
skills^ The tezminb^^ fSctual information become 

the vehicles JBr building c and stimulating 

divergent thinking in social studies lessons. 

Integrating Language an^ Content 

JLeaiT^ that cannot be 

compartmentalize^^^ Too often, specific skills Bre 
isolated and taught outside of meaninpal ^ontexts^ 
piaWng it diffijnilt for the leaiSS to "feasisemble" ffie 
whole picture it applyi^^ the skills for real purposes. 
Language teaching and learning shouid be fin 
integrated and systematic ^procjss that provides 
meaningful cpntent CTitone, 1981^ Infepatedjan^age 
fiUrts instnictidn d^elopiLO^ written communica* 
tion simultan^usly^fbsteiw development of all 
language skills in meaningful contexts. In contrast^ 
ESL lessons that focus only oii stnlctural patterns^ for 
exagiple^ ap^ar cbntr^ to istudents* eventual 

suc^ss a agd emic programs 1984). 
_ Firthe^^^^ jjan and 

should be interwoven into ianguage lessons. Andez^bn^ 
Miebert^ &ott^and WilkenJbn (1984) Jtete^t^i^ most 
logi<ml .place _fer mstraclibn wl_ reading and thinking 
s^a^^es is in social studies and science^, rather than 
irt separate lessons about reading. Although the 
inte^ation of readmg and ©ibject^matter insteuctibn is 
not a new idea^ there ij _little indication tfiat such 
integraUbn is commonly practiced. 
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1 (1967) have dcnnimented tixe 

beneScial efT^ of natural language e^posur^^ 
second language acquiiitidJL Social stupes content 
provides opportunities for natural language learning, 
iQtewing the learner to focus on the content or meaning 
rath« thair OE^^ of the language. For 

example, aiter students have learned aboM tiie voyages 
and discoveries of various Em^bpean ex^ 
may 1^ asked to ea$ress pbin^ among 
them both firally and^iTLwntten form. Using flasheards 
that give key about each explorer, the 

teacher can help students fom spedfic s^^ 
constructions to express cbmparisbn. Following are 
some sample sentence patterns: 

Columbus was a ^]iUi|8h expbrar, and so \ivas Bsdboa 
Columbus was a ^>ani^ explbrir^and Balboa was too. 
Both Columbus and Balboa wire Spanish explorers. 

Stiudents ^ea^an ^nediate ap^ of the linguistic 

stmctoes and able to make similar compari- 

sons in iuture lessons. 

New infbmatjon p in ioc^ atu^es lessons 

is often a^atalyst for fe^ and language 

teaming. The motivation for language learning arisas 
natmrally as students become involved m understan^^ 
ing cpncepte of history^ pography^ culfeitt^^ oh. 
At the same titne^ sb^l Ji^es ^0^ strengthens 
and enriches ah incr^ed awareness of self, the com- 
mum^,_ and llie environment. A lesson on weitward 
movement in the United States in the 198Bs, for 
example^ may activate Jtudeiits' interest in migration 
patteiTis thr^ghout U.S^ history.^ This knowledge may 
also l^d titem ta discover more about recent immigants 
and where they have settled^ and eventually to explore 
how they theniselves St inti)ihese patterns of movement 
as newcomers to the United States. 

The Role of Background Knowledge 

Social studies plays -an important role in the 
acctdturation plScess bfzIiEP studente^ fi^ 
come to the United States, they are expected to 
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participate in classfodm settings and t^l f^perate mtJiiri 
a society tiiat they do hot felly un^ tfiey 
may hot aware bf_A niles and behavioral 

expectations, language-minority students are at a 
disadvantage. LEP students bring with them their 
cultural framewofk ib^ as 
subconscious asBumpMohs^ abcmt Jtcceptable behavior 
ahcLbelief systems. Culture is the context within which 
people tJiink, exist, feel, and relate to others (Brown^ 
1980), representing a blueprint for personal and social 
existence. People tihcbhscibusly learh wha^ notice, 
what hot to nbtice,_fibw to d^^ and space, how to 

relate^tb ciher pe^^^ to handle responsibility, and, 

to some extent, whether experience is seen as whole or 
fragmented. Because their yalues may be dra 
different ftbm North i&he^ foreign students 

may^hTOuhter cbhfe^^^ and conflict tayihg to a^*ust to 
life in the United States. A social studies class can give 
LEP striidents an introduction tb tJie Americah exper- 
ience^ hjdpih^ them M understand Americah values 
ahdirelatibhshipa witii &e outside world. 

tEP st^ents, hafe^ are as unaware of their 
assumptions as anyone; each culture has its own 
reality (Hall, 19m)^^ These students cah hever 
participate fiiily in Americah sbc^^ 
uhderstiihd tKe Americah reality^ It is hot an 
bMggeratibn to aay one of the ESL teacher's 
greatest responsibilities is to give students tools that 
enable them to function effectively in sbciely. 
An ESL/social studies claM should b^^ 
with, more thaiL^ historical facts, geography, and 
termihblbgy. It CM the development of critical 

concepts of American history^ thereby helpihg 
culturally different students to ihderstehd their hew 
country and its brigihS; In ah ESL^sbcial studies class, 
si^udehts can learn about the spirit of independence and 
^e sense of individualism that characterizes American 
behavior. They cm study U.S. laws and institutibhs that 
are, in fact, a reflectibh bf Americah people^.^^y can 
identify mth the cblohiste^^ s&uggles for fireedqm and 
appreciate the significant of Rights as a 

pdrotectibn ofjffiiis ffeedom. Students can discover how 
the U.S. government fimctions and what is expected bf 
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responsible citizens^ Indeed, the EISL/social studies 
class can bftiLsupport system for LEP students who are 
^ang ta a^ust to a new culture. In e^ahding tfieir 
knowledge, the students envisibn^ a more realistic 
picture ^of the new culture mid how they might operate 
withm it. A more positive attitude and concept of Self in 
turn enhmices language proficiency (Oiler, Baca. & 
Vigil, 1978). 

CurfictJium Development 
and Program Design 

At the elemental^ and jsecohdary levels, the ESL 
curriculum must reflect tiSe mainstream curriculum. 
If studentsju-e^M ^prepared to cope with the academic 
maihstremn^ ffiey must acquire not Only the language 
stolls. But also the critical jinking and study sElls 
required in content-aret classes. I*e locally designed 
curriculai Of most school districte correlate with adopted 
texts. Senerally, sSiools set grade-level objectives by 
si^ject area 1£at students must master as they progress 
ffirough the system School districts wi^ LEP 
populations have experienced difficulties in efforts to 
tailor (HUiteht^area instruction to meet the iieedS of 
second-language students. The following problems have 
become evident: 

• LEP^ Students m^ay not ha^^ social studies 
instruction in ^eir native coimtries. 

• Soaal studies concepts may not have been adequately 
developed in classes LEP students have attended 
previously. 



• The content of Americah SOdaL studied instruction 
may differ greatly from ^at of other countries (there 
may be gaps in students' knowledg¥>). 



• LEP students may lack the Es^lish-Iahguage skills 
needed to participate On grade level in social studies 
classes. 

log 
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• Social studies materials are bft^n to© difficult Tor 
beginning and intermediate £EP students (texts 
assume a specific reading level for each grade). 

• Teachers m£^ feel unprepared to integrate ESL and 
social studietinstnict teachers heed 
training in ESL me^^^^ and ESL teachers need 
content-area preparation). 

• LEP students are Unfamiliar wi^^ 
vocabulary and have^ trouble keeping pace with 
iiative^-English-speak^^ who have a broad 
vocabulary base in social studies. 



\ The cumulative natfire of social studies often creates 
situations in winch LEP stude^^ ^il to grasp concepts 
or ideas because they have missed previous instruction. 

Integrating ESL and social studies instruction iJ^ 
no means easy, but the advantage are clear. LEP 
students wlio progM in both language and 
content-area skil^^ simultaneously will make a 
smoother transition into the mainstream. PTOgram^^ 
that make a firm commitment Jio int^g^ ESL and 
social studies instnictibn may find tha^ LEP students 
decnonstrate ^eater ptihs overall and require less 
actual time in special English-language classes. 
Results from additional research are needed to verify 
this generalization. 

Curriculum Development 

CufTiculum devete is a major ibhcefn of 

prdpbnehts of ESKaocial studies instruction Admih- 
isteatbrs and ieachera need to £nd ways to create 
meaningful learning situations tiiat build on previously 
acquired knowledge and are reaUstic for tke culturally 
different and LEP stujdent. Thriu^ 
learning, new matena^^^^ integral part of 

existing cognitive structures (Ausebel, 1963). F. Smith 
(1975) contends that a learning situation ncan be 
meaningful only if the learner can relate th 
learning task to prior knowledge and tf tee task itself is 
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related to an existing knowledge structure. For tfie 
teacSier «f social studies, this idea is extremely 
important For the teaeh^ of social studies classes with 
tEP studehtfl who come from a wide variety of 
tec^ounds, developing this idea becomes an awesome 
c^llenge. Is there a viable solution? One oTtiie most 
ettective approaches seems to be erne that jnakes few 
assumptions about students' prior knowledge of social 
studies. Teachers should start with the most basic 
concepts and gradually develop related ideas into 
broader units of study, 

. ^-Rather than adapting a fifthrgrade textbook for 
fifth-grade LEP sludentSj the teacher may want to 
develop £t smes of lessons that incorporate important 
concepts eqm grades one through four or Sve^Students 
who Have not yet grasped eoneepts introduced at an 
earJier level may experience dimculty with the 
fifth-grade soeial^udies curriculum. To ensure more 
depth of imderstanding, particularly as it relates to 
instorical developments and sdcial studies concepts, 
teachers may need to adopt m appFoacH that is 
comprehensive and eumulativ^i in nature This does not 
imply a "watered-down" approach, but stresses the 
need for the learner to be given an oppbrtuhity to 
acquire new knowledge in a meaning&l and relevant 
fashion, rather lhan in a^pleeemeal^p^ 
_ Many of the lighificant events and historical 
d^elopments covered in social studies lessons can be 
related to fundamental concepts that may apply to a 
variety of situations and settings^ Before beginning a 
unit on the Americah GiviLWaf, for example, the 
teacher should discuss jttie idea that differences can 
eventually Lead to^ conflict. Students may well 
understand this concept from their own personal 
experiences. This underitandrng can be extended into 
an^ejqsloration oT their awareness of social, political, 
and economic differences among groups of people and 
nationalities. Ihe teacher can then focus On specific! 
facts related to diSerences between the Norai and South 
S4f ® period, which eventually led to the 

Civil War. A basic cbheept cmi ffius become the starting 
point for a social studies unit. An appreciation of sucjh 
fundamental concepts and their role throughout history 
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iw an essential componeht of social studies ins^ction. 
Students who Jhen^^ but Fail to 

cdmpi^hend tfie important concepts, will not really 
master the content of social studies. In addition, by 
relating the current unit of study to the students* own 
backp'ound knowlidge^ the teicher promotes^ under- 
standing aiid Muni^tes^en^usiasm for t topic. ESL 
students, for example, may not be keenly interested in 
the Confedera(gr in tiie 18608, but they will probably be 
anxious tct discuss iheir own persoiial problems witii 
being "different." The teacher capitalizes on these 
experiences by t^g teem into t£e social studies concept 
and the events leading up to te^ 

It is important to understand itbat the contentbasM 
ESL cumctda are no^ substitute for ffie mainstream 
curricula, ibuit art i preparitibn^ The 
laii^tage of the^odified xnirncula may be simplified, 
but not at the exclusion of higher-level thinWng skills. 
Curriculum developers should examine tiie req^ 
meiits of the maitlstrearci cuiticula and deterinihe 
which objectiveA jtra^^^^ for academic success. 
ESL arui SM^ can plan staff develop- 

ment activities that enable them to share strategies and 
resources in order to implement ttie curricu^ 
most effective and efficient way possible. §^ ^fteh^ 
curriculum writers of ESHsbcial studies programs 
devel^bp model lesson plans to illusstrate how teachers 
call relate content-area information while reirifbrcihg 
language and communication skills. Ne matter how 
much advance plai^^ done,^ however, it is dunhg 
the actual implemem^tion pr^^ that a great deal is 
discovered about integratmg ESL and social studies 
instruction. Teachers' real experiencjs help them to 
understand and assimilate successful instructional 
practices i i 

: „ Otor s^bol sys la^ concentrations of 

languageHminoriiy students have elected not t^ separate 
these learaere from native speakers in the content-area 
classes. Instead^ mains trean^ been 
teainM mJESiL methods with adapted 

miSciflffl* materials Sr ^e second language students. 
In^aiSax County, Virginia, the close collaboration 
between ESL teachers and social studies teachers has 
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create^d fui^ eilrec^^ instructional setting fer BEP 
^udents. In such situations, however^ it is imperative 
that educators fr«ffl the two discipHnes work closely 
together to provide aJ^alaheed, methodologically sound 
social studies program for these special-needs students 



Gheosing a Program 

GeneraUy ^peaking,^ the specific type of ESLSocial 
studies program that is adopted by any school district 
depends on several variables: the size of the LEP 
population, the distribatibrL of the LEP students 
throughout the district,^ ffie educational backgrounds of 
these students, ffie human resources available, the 
specific expertise of staff members^ mandated 
requirements of the schboLfiystejat, and the amount of 
financial support available^ Because no two school 
dlstncts^need8 and resources are identical^ a variety of 
solutions to the problems of ESL learners iit social 
studies classes has ariseh. Indeed, it^ is extremely 
importMit that any system assess its own needs before 
implementing a new program, whether it is an entirely 
novel idea er one that is patterned after other model 
programs already in operation. 

^ School systems with large and Rowing numbers of 
language-minoHtyzstudents may opt for some type of 
content-based ESt instruction that places the ESE 
learners in special or "sheltered" social sludies 
courses. Locally designed curricula may provide the 
mstructional framework for such classes. The 
curricula are based on Ihe mainstream curriculum 
With_ ^ade-level objectives and specific exit criteria. 
Texg^s^th a lower reading level are used jo that 
the^LEP student can comprehend reading material but 
stiU benefit from the necessary application of study 
skiUs ui such coatentrffl!ea texts. When the proficiehcy 
level of the second language learners precliades the use 
of sucfciexte, adapted materials arensed. Development 
ofsimphfied mstructional materials requires consider- 
able_^time and ra-eatlve talent, but without adequate 
teachmg^ materials^ the success of the ESL/social 
studies classes may be undermined. Esgjeriehoed teach- 
ers have also discovered that lower grade-level sup- 
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piements to social studies programs are often appro- 
priate^ : z ^ ~ : 

Sfijldil systems _with smaller LEP student 
populations may c&oose to keep these learners in the 
mainsti^eam^ providing them with additional support as 
needed. Speqially trained social studies teachers^an^b^ 
highly effictive, and the influence of ttie Jiative English 
speakers bn laiiguage acquisition cannot Be under- 
stated^ la these situations, communitgr volunteers 
(perhaps bilingual) and peer tutpris may be a possibility 
well worth exploring. These paraproffesslonals and 
student teachers: caii provide valuaole individualized 
assistance to t£e language-mihonty students. 



Model Programs 

School districts with a heavy influx of second 
language learners have begun to look toward 
content^ased ESL instilictioh as a viable axiipreferable 
approach for educating liEP students. Several different 
program designs have been developed and im- 
plemented. In the Arlington C^A> Public Schools^ a 
tremendous influx prianguage-minon in the 

i 970s led to unique problems. Sot^ b^^ these 
stedenta require extra help^ in learning to speak, read, 
and^wnte in English^ but they also needed additional 
support in order to function in content-area classes. The 
fact that many of these newcomers w^^ deficient in 
previous schddling experiea^ difficul- 
tiesdfchey encountered ^m 

^^ 3*^^ Intensity Language Training (HILT) 
program was developed in Arlinjfton to serve the 
IjBmguage-miaon students invades one thrbugh:i2. 
At both the elemehtary^and^e^ levels, ffie HILT 
pregram provides mstniction in mathematics, science, 
and social studies as well as language and com- 
munication. The purpose of the conteht-arga classes is 
to e^qpand studentsV Mbwledge^^^^^ and 
cdhcepts while strengthemng^ the study skills and 
oiticid i£mktng j8kSUs necessary for success in content 
classes in the mainstream. By preparing students with 
the academic •'prerequisites'' and by Jipbsing thert to 
key concepts and terminology, the HILT program helps 
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second langSage learners feel more comfortable in 
mamstream classes and boosts their chances to excel in 
subjects such as U,S. historjtahd gbvemment. 

The HILT program ill ^1 Paso, Texas, follows a 
similar approach in preparing LEP students for the 
mainB^eam^ in this program, students are first 
enrolled m special English classes that teach content- 
area vocabulary aM cdheepts. The second phase is 
sheltered cdritent-area courses, which are grade- 
gppropnate but designed for second language learners, 
FinaHy, the students are placed into mainstream 
classes with their English-speafcihg peers. 

In tiie state of Galifornia, "sheltered" English and 
content-area courses are being implemented ia many 
school districts. Sheltered English is a teaehmg method 
m^^which^ core curriculum (mathematics, reading 
social studies, etc.) is presented to tEP students using 
special techniques to ensure that the content is 
understood. Instructors may modify ^ r-johs (breaking 
down^content information), simplify ii^ug^^^ make 
use of a variety of visual aids, encourage student 
involvement, and iiake frequent checks z^r 
comprehension. Beginning LEP students receive ESL 
instruction as well as sheltered mathematics and 
science. The San Diego City Schools English for LEP 
Students^ (ELEPS) prdgrait includes a comprehensive 
outlmeof topics ihat develop basic skills as weU as the 
content areas. Instructional materials for sheltered 
social studies classes have been locally desiped and 
sample units are available upbji request. Educators 
have expressed widespread satisfuction with the 
sheltered-English program in terms of gains in student 
knowledge of su^ect matter and overall progress in 
second language acquisition. 

Program Evaluation 

r SS^^^®'^ effectiveness of ESL prop-ams and 
of LEP students' progress is critical to continued, 
improvement and success, but the method aitd 
instruments used for evaluation require careful 
scrutiny. By virtue of the fact that their English is 
hmited, LEP students do hot perform as well as 
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mainstream students on standardizei^tesis sucK as the 
SRA (Science Jlesearch Asso^ and the California 
Achievement Tests^^ differences and defi- 

cienciea in educational backgrounds and experiences 
contribute to the difficulties LEP studehts^^^^^ with 
standardized tests. On the :Othe^ st^dardized test 
results can provide helpful evaluative and comparative 
iriforaiatioh regarding LEP students' progress. ^ 

Content-based ESL prograffls must provide for ^ 
assessment of studentjnasteiy of ap^ and 
cumculsr objectives. I3ns assessment must recur and 
be consisteri^^^^ to year. Such evaluative 

ihSrmatiqn and feedback is absolutely necessary for 
appropriate curricular and programmatic decisions. 
Evaluation is the foundation for future planning, 
ongoing imprbvemeht, and modifica tiohs. 

Unfortunately few testing instruments are 
available that might be used to evaluate LEP students* 
social studies knowledge, m use 
locally developed tests to rnohitbr students' progress^ but 
fe% if any, attempts have been made to collect 
substantive data for statistical purposes. It is hoped that 
further research and cdUabdratidh among educators 
will result in some standardized evaluation instru- 
ments for this purpose. 

Staff Development aha Teaeher f raihihg 

Regardless of decisions inade for cum 
devejopment and program imp^^^ the key to 

successful learning on the student's part is the teacher. 
It is^ absolutely essential that teachers of ESL/sdcial 
studies classes have knowledge of secord Isji 
acquisition and ESL inethoddlbgy.^T^^ 
need to become familiar with the cultural backgrounds 
of their students and to develop sensitivity in working 
with culturally different learners in the school setting. 
These teachers will need to increase^ their awareness of 
various learning styles itndit^ oh language 

acquisition. Teachers of ESL/social studies classes need 
opportunities to share ideas and experiences with dSier 
teachers, as well as sufficient time to explore new 
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instnictional strategies, mJterials^ Staff 
devielopjnjatzis a jiede^^ any school 

witb^ai LEP population, particularly if curricular or 
program innovations are being instituted to serve this 
LEP population. 

One way to meet these cumcu^ staff heeds is 
thrdugh the formation of "technical teams." The 
piupbse of a techniral team is to develop curricula and 
materials for an^ ESL pro-am and p^^ 
development ui reBponseito pr^am heeds identified by 
teachierB; Each heed is defined, the tasks necessai? to 
meet the need are outlined, and the needed pfoduct is 
produced on an ongoing basis by the technical te^ 
While the curricula and materials are feeing developed, 
staff development is providecLti&rbup^ team interaction, 
demdhstea^on, and tra by staff members 

and consultants. Much of the planning for cumculum 
revision is done during the schddl year^ while the actual 
writing of ciimculum guud^ and teaching materials is 
cdml^leted: dtmng the stmme^ 

in Aflihgtoh, for example, a group of teachers 
woSfeing with beginning speakers of English at the 
secondary level identified a nMd fe^ 
materials written dit a primer/fifst grad^^^^ This 
group jnet for a brainstorming session on what needed 
to be developed and how. By the end of this sessidn, a 
technical team had bBen fpimed and^ 
work. It was decided that i social studies reader with 
an accdmpaiiyihg_cdii^ workbook would be 

developed. The team also decided that it would survey 
K-4 social studies texts written for native speakers in 
order to decide what concepts aiid vdcabulaiy heeded to 
be included. When this tesfc was cdinpleted, the team 
began Id write units. A_teacher w^ artistic talents was 
ih\ated_td join ffie^team so that the materials would be 
illustrated. The materials were cpmpleted during: a 
summer curriculum prdject and piloted 
following sdiddl yean the teachers 

who had used the pilot materials and made appropriate 
riBvisions pn the basis of the teachers* comments- little 
was changed in the way dfcdhtent or illustration, but it 
was decided td make ihe workbook a two-part series. A 
detailed teaclier's guide was also developed. Five years 
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later, these social studies materials are still in use, and 
teacher satisfaction with them is high. 

Effective Teaehing Strategies 

The etpeneh^ ESlb/social studies 

tea^ers since tite inception of the HILT program have 
contnhuted to an increased awareness of -what works* 
in these content-area classes. Specific tMching 
strategies have jlrdvei^ highly effective in ^cm^ 
LEP jitudents. S^me of ^ese stitttegies are discussed in 
the following section, with practical suggestions for 
incorporating these strategies into^ social studies 
lessons included in the discussion. These strategies 
were iibt devised strictly as ESt methods. They are 
ihteiided to show how teachers can adapt some 
conventional instructio to take "language 

advantage** of social studies lesions. The strategies 
illustrate how teachers can readily: use social studies 
content : td: enhance language deve^^^ and, 
cdnver8dy,_libw_teacSere use language classes as a 
means of expanding social studies knowledge. It is 
evident that content-area sufcyect matter provides a rich 
iK^dy of knowledge through which creative instructional 
activities may emerge. 



Use of Mahipulatives and Multimedia Materials 

_ESL pfo^ams that include a social studies 
component must create a leammg environment rich in 
multimedia materials and manipulatives. Many of the 
concepts presented in locial studies lejssqhs_ are abstract 
ideas that may he pax^ic^^^ difficult for nonnative 
students. Pictures provide students with visual exper- 
iences that transceiid language bamers. For examp^^^ 
describing a scene bid western mining town in 

the 1850s is simply hot the same as showing a 
photograph or picture of the scene. When language 
prbficiency is a problem, verbal or written descriptions 
are inadequate and need^tb be Bup^plemerited with 
pictoml repes^^ The visual image makes ah 

immediate impressibh bit the viewer and does not rely 
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solely on an oral or written explanation that may elude 
LEP students. Without such visual experiences, 
teachers cannot know whether they hav all 
students witii important ideas and infoznnation. 

Real ehj^ects or historical artifacts that reinforce 
social studies concepts provide students with tactile as 
well as visual e:^eriences. Cdhcrfite objects bring ideas 
to lif^ and make learning excitihg and fun. By 
including Mnestiietia adivitiea in content-area lessons^ 
the teachfjr may reach students who are at the lowest 
level of English proficiency and those who are 
predominantly experiential learners. A discussion of 
the common tools and^household objects of the early 
18th cehtuiy, for example, does not have the same 
impact as a display and demonstration of these objiBcts 
and how they were used. Such a display and 
demonstratidn is a memorable eicpenence that students 
<an relate to h«5w vqci&ulaiy and concepts. 
; A wide variety of media materials for sodal studies 
is available in most public school libraries. La^-sized 
study prints and picture sets keyed ta specific themes 
are useful for relating mformation and stiraulating 
thinking in the^ classroom. Filmstrips are easily 
adapted for use with LEP students because the teacher 
can take advantage of the visual experience while 
altering the actual text to accommodate for different 
levels of English prbfiaenqy. Numerous l6mm films for 
sGcial^tudies are also available but must be chosen with 
care because the language is often beyond what tEP 
students can comprehend. Ideas pre^^^^ in films 
depicting histericil events or processes may make 
reading and writmg assignments associated with these 
ideas less difficult to process (Sinatra & Stahl-Semake, 
1983). In addition, periodicals such.^ "National Geo- 
graphic" serve as excellent supplementary resources 
for social studies lessons. Vivid photographs and cur- 
rent themes jnake such resources a perfect complement 
to other instructional materials. 



Language Experiences 

Shared experiences initiate the desire for com- 
munication. In the ESL classroom, the teacher can use 
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concrete experienceB as stimu^^ devel- 
opmenfc lit the traditional language experience 
approacfi^ tfie teacher encouiages spontaneous lan- 
guage from students that eventually becomes the 
foundation for a tTOtten story (Lee £ A^^ 1963). 
Because LEP students may have extremely limited 
abilities in spontaneous oral English, tiie teacher may 
want to adapt this approach. In an adapted language 
experience lesson^ the teacher becomes i paitidpant in 
an activity with the students. In advance, she targets 
specific j^6cabular7, 8t^^^ concepts to incor- 

porate mtb &e lesson, and during the active experience 
she elicits this language from students Tffi^ the 
experience both spontaneous a^ language are 

evidjnt^ and literacy skills are encouraged with the use 
of ilashcards_^and sentence strips for ianguage 
produced. A story created by the class with the teacher's 
help is a natxiral follow-up. I : 

Social studies lessons lend themsd^^ to this 

apprbadi. In a_ um^ government, for 

example^ the teacher may want to stage an election of 
class officers to illusib-ate voting procedures and the 
concept of representative demoCTacy^ D^tiing and after 
the election^ the class can discuss tiie process and the 
teacher can h€slp them ideas into writing. The 

experience itself makes an impact on the students, 
helps clarify meanin^^ and assists in^^ l^^^^ 
memory. Research on the kinesthetic membiy system 
indicfltes that when the body is actively involved in the 
learning process, ideas and concepts are integrated 
rapidly. Learning by doing is highly effective (Wayman, 
1985). 

_ ISie following Ji^bthetica^ i& included to 

illustrate hbw ah ESI/sbcial studies teacher can turn to 
expenences to cjan^ the meaning of new concepts. 

In an intermediate-level ESL social studies clas5 
studying the role of the Cbiistitutibnal Gbnvehtioh in 
writing the U.S. Gbh8titutibn,_ tiie concept of reaching 
cbmprbmlses tb make decis may be an entirely new 
idea. The social studies teacher needs to determine 
whether the students can either recalLispects frbm 
their own experiences that might be similar, such as 
the various lawmaking bodies of their countries. If the 
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students da not clearly imderstand thiii topic, tiieh the 
teacher musto-eate an eagpenehce tiiat ffie stu can 
draw from later. For example, tfie students could role- 
play varioua jBcehes from colonial times, when power 
wM eojftcentrated in the hands of a few. Ttey £buld 
represent different interest groups^ eacH arguing to 
have certain laws paised^JYith the teacher as facili- 
tator^ the students will come to understand that they 
must compromise or give up certain wants if any 
process is to be achieved. Once the students have 
understood the concept of eompromise, the teacher can 
proceed with the lesson oh tiie Gbhstitution and how its 
laws Were created. 

Managing Multilevel Classes 

Mbat^SL ahdelassrbom teachers have experienced 
the difficulty of working with multilevel classes. The 
range of abilities can be as efeat asioiir br fere reading 
grade levels. Teachers feel that many subjecte must be 
taught zin small groups in order to meet individual 
needs. However^ the wide range of Elnghsh proficiency 
levels does not completely preclude total-group instruc- 
tion. Because many social studies lessbhs may be in the 
form of directed teaching and discussion, they previde 
excelleiit bppbrtraiities for involving the whole class. 
Students at lower proficiency levels benefit frbm the 
exposure to the language prbvided by the more 
advanced students during oraL language activities and 
discussions. Students at advanced levels benefit from 
the increased amount of reinforcement of vocabulary 
ani concepts that is provided for beginning-level 
students. 

Creative drama ,^ rble-playing, hands-on exper- 
iences, field trips and music and art projects are some 
of the many activities that can be implemented in the 
multilevel ESL/social studiefit classroom. These 
activities challenge and enrich all students, regardless 
of language proficiency HI English, Because of differing 
language and ability levels, students may not come 
a*ay from a lesson or activity with exactly the same 
gams in knowledge, but they all will have be-tefited 
from the experiences. 
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The Birectea Reading Thlnldng Activi^ (DRTA) is a 
EigHly effective strate^^ that cairbe applied in seeial 
studies lessons for LEP students. Tlie ihree main steps 
of a DRTA are to predict, Mread, and to prove. These 
steps motivate students to^apply higher-level thinking 
skills. By bramstorming with the class before reading 
about a specific to^ic, the teacher finds but how madi 
the students already know about thit tbpic.^ This 
sferat^ is espedaJly useM wiarESE classes because of 
the variety and range lb be found in their background 
faib^ledge and experiences. By encotyraging students to 
predict what might be in the reading^ the teacher asks 
studepts to call on prior knbwLedge that mi^t beusefial 
in tiiis assighmeiit^ S^idents £ff^ involved 
in the tfipielhrou^ oral discussion and are anxious to 
make^ appropriate "guesses" about what will be in the 
readmg. As they read^ students may have Jo revise then" 
predictions^ and they are challenged io^ cor- 
rections in their bwir assumptions, weighing and 
evaluatfiig^wha^^ey know with what they read. In sO 
dbmg, old information is assimilated into Mw inforina- 
tion, and cognitive ^owth OccurSi Tte teacher guides 
students through this activity and fbnbws up on the 
reading witt questions ta check comprehension of 
subject matten By this means, the teacher can find but 
how much the students actually understbbd and how 
well they can respond to prbbes of fhe^ubject matter. 

The DRTA might be used for a lesson on 
immigratibn to theJJnited States in the early 20th 
cehtuiy. Before assigning a reading^ the teachejr niay 
discuss ESL students' own experiehees: with immigra- 
tion. The class might; then discuss all the photo^phs 
or pictures presented with the reading. They should 
compare and cbntrast their personal experiences with 
what is depicted. Then they might read through the 
passage in a step-by-step manner with the teacher, 
stopping at appropriate places to make predictions 
about what might follbw. Finally, the teacher will help 
the students tc discover how accurate their: predictibhs 
were and to summarize what they have read. 
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Semantic Webbing 

putiinihg and note-taking are advanced study M 
that require students to sunmiarize important ideas in 
specific fpnnats. LEP students often fiave_ trouble 
deyeldping outlines ^d ta^g they must 

cdmpTehend ifie entire messai^ (given orally or in 
^ting) before they can extract the main ideas arid 
important details and airange them in ari^ppfdpriate 
form. Semantic webbing is ari e^ way to 

teach students how to perceive relationships and 
integrate mibrmation and concepts within the esitext of 
a^main idea or topic (FVeetoan fe Reynolds^ 1980J. 31ie 
graphic representation by^^ semantic 

webbing bridges the ^p between concrete images and 
more abs^act ideas> The core of a web is a key question 
or teiTO that establishes the purpose of the reading or 
topic for discussion. Following an oral discussion or a 
reading^ Btudents construct web strands and web 
supports by putting iey^ words or ph^ in boxes or in 
some other visual arrangement. The boxes can tiien be 
connected to illustrate relatidnships or subheadings 
under the main ideaCs). Such a visual scheme 
highlights important ideas\ and categories, greatly 
aiding bveMll cdmpr^hra 

An example of semantic webbing follows: 

REVOLUTION 

Stamp Tax quarteririg Brrtish sdldierc Boston Massacre 

taxation without - 

representation -Boston Tea Party — Sons of titerty 



In this diagram^ students list everits^irid key ^w^ 
about the Revdlutidri in a web foraaat^ This weh can be 
exteadedz td include riew info and additional 

details. Students can order events chronolojfically to 
show sequence^ or draw diagrams ts show cause-a^^ 
efffect relationships. web sewes as i p-aphic mode 
that stimulates students jd^pand on then- own ideas in 
fdmulatirig idiicepfe leamere who have difficulty 
perceiving relationships between main ideas arid 
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details, the spatial arrangement helps crystallize the 
concepts. 



SQ4R 

The SQ4R inethe<3 pobinson, 1962) is ah effective 
meaM f^^ teaching students how to outline new 
mferaiation presented m a specific chapter in a social 
studies text. It is highly recommended- that atu 
develop skills in using this metiiod eafl^ 
because it enMuragei^ bi^nize ahd summarize 

new infomatidh systematira^ and independently. Its 
value for LEP students is that it teaches thjm a specific 
and routine method for breaking down difficult reading 
material The steps for SQ4B ire the survey^ questions, 
and reisidihg, reciting, recording, and reviewing. 

Survey. Students jskim the chapter for ah bver^ 
topics and material, Tliey read subtopics,, look at visuals 
and graphs, and read highlighted vocabulary. 

QuesHohs. Students told notebook paper in half 
(vertically). On the left side, they list ai^ questions tha^ 
cpme to mind about ±he first subheading in the chapter, 
thereby establishing a purpose for reading. For 
example: 

Spams Tmpiri [sobheadingj 

- 'li^urezuas Spain's f^vyirt? 

- 'Ji^t iSw^ ifie empire? 

- S&v/ iDi ifu tmpirtgroTV? 

- ^Wkttt dSdttis tappeh? 

Redding. Students read the text Under this subhead- 
ing to learn about the new topic and to answer the 
questions they had. 

Jteci^^^^ try to answer as many of their 

own questions as possible from informatibh gained 
from the reading. These responses should be oral in 
order to reinforce the he^ information. 
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Recording. StudentgL^rite down answers to their 
questions, making tfie transfer from oral to written 
lahfuage. 

fleyiptyin^. Studeiits mmedia they 
have wntten. T5ieiLtey are ready to move on to the next 
subheading and repeat the SQ4R process. 



^ By continuing thiKHigh the chapter with this 
mewod^ the students will liave created their own study 
sheet containing pertinent information about the 
chapter. 35ie folded question sheets they have develepied 
cMt be used by the teacher to test students on new 
matenalj prowding a means of evaluatwe feedback. 

SQ4R motivates students to deal with new informa- 
tion independentiy and efficiently while strengthening 
their^bte-taking skills. For LEP students in main- 
stream classes, this is one approaelt to difficult social 
studies texts that present heavy loads of new concepts 
and vocabulary. 



Paraphrasing and Summarizing 

Limited English proficiency will undoubtedly ham- 
per students when they take notes Jel^ISss^ answer 
essay questions, and write repoils. Moreover, repro- 
ducing lessons learned by rote or material produced by 
copying (methdda^any students used in their native 
schools) is unacceptable in most American classrooms. 
Therefore,^ paraphrasing and summarizing are essen- 
tial skills for LEP students. Tbfl often, teachers assume 
students wi^l develop these sMlls independently, when^ 
in fact* these skills must be taught and reinforced 
throiigh repeated practice. 

©he activity that shows students hb-;y ideas can be 
restated is rallied 'Who said this?" After teaching a unit 
on the causes of the i&nerican Revolution, the teacher 
gives students a list of statements and asks theiiL ib 
ide^^^e speaker of each one ai either King George 
or Thomas Jefferson. Sample sehteriMs cbu^^ be, / 
r^se to pay faxes if I cant elect my own leader ett 
insist that ih^ mlohisis pay a higher tax on tea. After 
studente haves labeled the statements by speaker, they 
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can li&t t&e reasons for theip answers. Stu^^ 
be told that they &pe actually paraphrismg^ w 
have read. As a foJlbw-^pjictiyity, students can wnte 
three - jente nce s that summarize the causes of the 
Amenciui Revolution. LEP students at a more advanced 
lewl could be asked to write a<^hapter suSunary by first 
skimming each^ para^apt fer the main idea and 
jotting it dbwn^They might ffieh restate the idea in their 
own words and use these restatements for a chapter 
summary. 

Writing in the Content Areas 

Social Btudies lends itself well to the develbpineht ojf 
writing sMlls. R^ that there are diHerent 

levels of rei^ponse m wntihg^ teacfers can incorporate 
vanbus eiq^bsitbry wnting activities into sodal studies 
lessons. By following the writing process of brain- 
storming for ideasr organizing, prevHiting,^ p^^ 
ing^ and rewriting, teachen helft students leam how to 
express theinsel^es on pa^^^^ The richness of social 
stupes ^^}cabulaiy and concepts provides^ a great deal of 
a)ntent for generative writing, In applying this vocab- 
ulary in writing exercises, students ilsd^eceive re- 
inforcement of grammar^ aitd_reading skills. Con- 
troversial tepiM that ma in social studies 
discussions tihe expression of ideas and 
personal opiiUons and can challenge students to write 
more effectively and persuasively. 



Study Skills 

Social studies classes aSord excellent opportunities 
for develbping fitMents' study skiHs; Following direc- 
tibnB^ reading maps and charts, outlining, note-takings 
usmg textb^^ preparing oral and written reports,. 
uiten>reting cartoons^ and using library references are 
among^ the skills tliat can be r^forced m cbhteht area 
lessons,: While learning new subject matter, students 
canijq^ply specffic stody skills for specific purpbses. In 
so doing, tfiey are not only learning new material, b 
they are also sto^Bngtfienihg skills tiia^ 
academic success. Sbcial studies content provides a 
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meahih^ul context for the application of such study 
skills. 

Model Lessons 



This Jiec^^^ for elementars' 

and secondly levels. These model lessons are meant to 
illuslxate how a varied of teaching Mrategies x^ 
combined to create unique stimulate 
students' interest ani promote the learning process. 
Teachers are ehcoim^^ experiment with ideas and 
approaches as they develop their ov(m lesMns aroun 
social studies themes^ for there is no one single Best way 
to teach j^Jntent-Ptea suhi^^ 

students. The most successful lessons are the ones that 
incQi^brate a vane^^ strategies and activities into 
carefully planned learning experiences. 



Model Less@n~Elemehtary 

Objcctlvi 



To povide students with an understandmg of traditions of 

th& American TtiauiRsgiyihg holiday, and to_hejp^tadents develop an 
appredalion for this holiday as part of Arnerican culfcre. 

Cirad* jevti 

Primary (oDuld also be adapted for upper elementary classes) 
Materials 

Simple Jllust^d b^^ on the First thanksgiving 
PictDresLoihdiam^ PH^ Thanksgiving foods, the feast 
Cbristraction-paper, cray^^^^ scissore, paper bags 
Patterns for poppets^ of Indians and Pilgrims 
Sarnples of Thanksgiving foods 
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Vocabulary n«HBd flotbe j[mit©d wdrc|s dumg discussions of 

this lesson, Jb^ want to make sure that the target 

wc^djary^isxiearJy these words are 

crucial to the overall understanding of the lessons. 

Procedure 

_ _ .UaUviBiUoh: Thid teacher Sgins wilh-a di«ussjon orcelebratio^^^^ 
eliciting responses frbnri ^tudexUs^about celebratlons^ have 
experjehced in their native countries^_or laite JOrwt^^ 
teacher asks students about the meariing of ihese celebrations and how 
they mfght have changed over titne; Teacher asks students whatthey 
know about an Arnericari Thanksgiving. Words and ideas are written on 
the tH)ard. 

ThrpUghput this discussion, the teacher will warit tb display 
appropriate pictures arid write important vbcabulanr on the boaS. The 
teacher wilt ericburage all students io participate, sharing their 
enthusiasm for familiar holidays ahd celebrations. Oral language and 
aunail (xmprehehsion are promoted through a lively discussion. 



MormiBtton: The Icacher reads a simple story about the First 
Thanksgiving, drawing attention fo iljustratibhs that help clari^ meanings 
and tbe«)ncepte being taught. Students are invited to discuss the story 
and ask questions about words or concepts they do not fully 
understajid. the teacher sortie oral drjlls to reinforce 

i«)c^ulary or ^njax. The teacher will want to find dutjf this story relates 
to^y of tb^studtem^^^^ experiences. For exarTipje. have 

some other group of people? 
have the^f-ewr had a dinner to express thanks or appreciation for 
something or someone? _ 

The tether may warit- to sho^ filmstrip depicting the First 
Thanksgiving. Tfiese picturas win awareness of what 

<x>nd|ti6ris were life during this t^ them to ask questions. 

Students can be asked tawrite-downjdeas_and new words as they view 
the filrnstrip. At the end, they may summarize what they have seen, both 
orally and in writing. 

Pracffce; The teacher prbvldes^aterial^for students to make 
paj3er-bag puppets of Indians and Pilgrims.^tudents ar^encouraged to 
talk as they work oh their puppets; When puppets are^ 
students rple-pMy^parts a^^ Indians arid Pilgrims, reeracting^ the First 
Tfianksgiyirig. The teacher rriay want to provide sample^ dialogues if 
students have trouble getting started on this activi^^ Students can be 
paired up to giVe them maximuni bp^^ 

The teacher then shows students some samples of typical 
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:ftariksgivjng feods such as crajriberry sag corn bread, pumpkin pie; 
and so on. hdw these foods are mada^ 

whew they come from, Stude explore Ihe foods by smelling, tasting; 
and touching (for^nsB of toxture) ihem. The teacher elicits descriptl^ffl 
adjedlves In jhadiscuwion of these foods, arid students tell whether or 
hot they like the Joods.^f^uch activity generates language and 
stimulates vocabulary development. 

Biriefimmt and i^nsfowThB teacher may want to set up a 
lahgu^e experience actjvltjL in which students make some of the 
Thanksgiving foods (pumpWripie^for example). Throughout the activity, 
the Jeacher prompts studenfct^io practice v^rabulary and sentence* 
patterns^ Using flashcards and. j?enteno^ strips as needed visual 
reinfdri^merit^ Students learn a ^pacific sequence of steps for making 
the food{s) and are then able to give simple directions for the 
procedure{s). 

: The teacher may want to tiyJiaSn^ 

Studerits participate in preparing foods and »tting the table. Students 
also share Ideas about being thahkful^perhgss writing down some of 
their kJeas jo exchange with classmates. J^ol^^ ,^ 
students can write simple descriptions of the preparation and actual 
dinner. 

Integration with Other Sub|ect Areas 

Matoemafe^--Students learn the song "Ten tittle Indians" and do 
simple word problems with Thanksgiving vocabulary. 



^enca^Teacher reviews the four food groups, and students jearn 
which Thanksgiving foods fit into each category. 

/?eac?/77p/iM^^^tudents make "pfetfbrlaries" of Thanksgiving words 
using alphabetization and spelling skills. 

Art and tframar^Students make simple costurnes and stage a sirnple 
jDrbduction of the Firet Thanksgiving. 



Ob|ective 

T6_provide students with ah Understanding of whyL Spain-decided to 
explore ihe ftew WorW, and ib learn about the^xplorations of 
Golumbus, Magellan. Balboa, and other Spartish explorere 



Model Lesson--^eeondary 
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Qrada level 



Secondary ESL/sbcial studies class 
Materials 

Large wall map, flashcards^ yarri 
target vocabulary 

voy^e cdlpriy na>flg£; ,bn 

empire explore daim 

Procedure 

Uoi^^ wiai map, the teacher and students 

rev[cw trade routes used Italian sta^s and i>ther European countries 
injhe J4iMs|w_tradlnf^ India and China. Stu^rits brMihstorm as to 
tt^y^^ri would want to find an alternate rbUte. Teacher should accept 
adUesponses^ sucK w: Spatn wsuiits to get ncH, Spsuh wah^ fp be 
^mjs._Spa^Vf^te to be^ (In this <ase^ the teacher may want 
to askJhi^students td^^t^ the statements Into the past tense.} Students 
wiij prsffiilce and jJ&vetop4irigujstic^ills^^b agreeing or disagreeing with 
the reasons giwn.l3iiaarti^ done In small groups to maximize 
iridivldad udents^ o^jpartte 

This part of the lesson Is essent^be^iusejt stimulates students to 
becorne Inv6lved_la t^^ new^e^ JlalsaaUows the to out 
how much background information the students have related to this 
topic. 

Ihfprniatrdn: The teacher usee ihe itudente' predictions and 
ideas from the rtibtivation sefiion as 

infomlatibh about Spanish explbration^Tbe teacher msq^ want tapresent 
each new explorer with fla^hcards that give exploDBi^ nam^^ dates of 
djscbyeries, and the area explbreNd; Students^) ne^ to mfier toa wall 
map to trace the paths of exploration arid rnaq^ find^ 
different colored yarn pieces to show where explorers traivele^ 
Studerits can tell who explored, whefB they went, iWien they went, and 
N^they explored. 

After the hew material Is presented orally and visually, the ieacte 
has students skirti the headrng^^ and subheadirigs bf a reading, sucttae 
a ehaprter in a textbook that obyers this unit. This is the "survey" part of 
the^Q4R K^thdd. This technique rnay be used so that students can 
create a study sheet rela^d to the new iriformatibri. After the students 
have completed this sheet, the teacher should review each subheading 
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in the reading to chedc for_basb compn^^ Students may be 

asked to state the nrialn idM oi the reading and ta lo^ specific 
sentences that supfwrt tbelr^swers^ N^ to the 

expldratidn unit is emphasized throughqaLthe lessor^ and students are 
ehcqy raged to iise context clues whenever possible to understand 
anything unfamiliar. 

The teacher may want to show a Jilmstrip or movie about the 
Spanish explorers to reinforce new concepts. 

Praetlei 



The students now heed to reyiewLriew vocabulary arid concepts jhat 
they have teamed in the chapter. This is eiri appropriate time for some 
t/pe of evaluation: Both short answersiuid essay questidris would show 
an underetandlng of the new material. For exarriple, students can write a 
paragraph descnljing Columbus' voyages, cdristrucl a chart listing dates, 
explorers, and routes the explorers used, or describe why Spain 
decided to explore westward. 

- Sn^^mmt md wxtenston: Students need to have a chance 
to ch<»saan^'vity that will enable them to eriricht their tiriderstaridirig 
qf^panisltexpjorei^.They r_.e building on hew ihfbrmatidh they have 
oMantly leamedr^d they now need to apply it to a hew situation. Some 
possible activities to foster ihis extension of their learhihg are: 

f StuSrite Miida^fesea^^^ in the library on a Spanish explorer to firid 
but the rou^ Jna^^^^ problems encountered, discoveries, arid so bri. 
This irifbrmation can be fiiied in on a i^art or compleled oh a poster. 

• Students rblbjrplay Span a panel discussidn. The 

teacher acts as moderator a^df^ses^te^pg q^^ such as TeH us^, 
Mr. CofumbuB, M^aif^^ns^tM y^^ your voyages? All 

studerife will benefit from participating and listening to the responses. 

*^Studerits cm pretend they areixplo^ii who want to firid new land, 
pey fhust describe where they wanj to^l^bcw they funds, 
what they hope to firid, arid sb on. This can be a writing activity or an oral 
discussidh. 

Gonelusioh 

i^IS simimaiy, it is clear that Using social studies 
content as a medium far second language ihstructibh 
may greatly enhance and accelerate LEP students* Ian- 
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gUage acquisitibh, as well iis assist in the acculturation 
princess. Scfiool districts with established and/or 
growmg numbers of LEP students are encdurageii to 
consider instituting classes that integrate the teaching 
of language and cbmmuhicatioh skills with subject 
matter content. 

Instructional Resources 

RMommended instructional materials for ESL/sbciigil 
studies classes follow. 



Publisher 

tinmore Pobtishing Company 
P^aBox 154S 
Palatine, it. 60078 

Roger disen and Lynn Rear 

1282 29th Aw9. 

San Francisco, CA 94122 



Creative Associartes- 

ESL/Bilingnal EdacatlortF^roject 
1901 N. Moora St.. Suite 920 
Arlington, VA 22209 

Stgck VaughzGompariy 
P.OvBox 2028 : 
Austin, TX 78768 

Modjrn Curriculiffn Press 
;;3900 Prospect Rd. J 
Cleveland, OH 44136 

Mitliken 
c^okurz.lnc. 
207 E. Patapsco Avf. 
Baltimore, MD 21225 



Typeot Ussa va ve 

'^xtbbok fpr LEP students— 
ConfentArea ESL: Social Studies 
by Dehhis Terdy 

Prepublicatipn manuscript of a 
series of beginhifig-level social 
studies lessohs that prbmbte 
iangus^e development^ 
History Hepers 

Staff davelopment materials and 
technical assistance 



Sodal studfes mortals written at a 
lower reading Je^JJwitlr language 
arts activities to supplement them 



Frank &baffBr 
26616 Indian Peak Rd. 



Spirit masters and supplementary 
study skills workbooks 
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Dept. 46 

Rarichb Palos Verde, GA 92874 



Cujticillumi^bciates 

& Esquire Rd. 

North Billerica, MA 01862 

H^ei School Publishing Cdrnpahy 
P.O. Bdx 487z: 
Belmoht, NC 28012 

pWalley^a Chartiot Gurridulurn guideH^"U^.arid 

Fairfax Cdurity ESL Virginia Government for ESt 

Cdhteht-Area Program Students" 



Addison-Wesley Language Development Through 

Content 



M. M^gs ChgMi Aavss ffw CumcuJum 

(very good for beginners) 

Arjingtonjbounty Public Schools Curriculum guides and adapted 
ESdt Program sodal s^Jdies materials 

142lM.Quin^St. 
Arlington, VA 22207 

San\D6gaej^^chooia- Sample units from sheltered- 

Second t^ngu^e Office English (burses 

4100 Normal St. 
San Diego, CA 92103 



126 



References 



Aiken^ L.R. 11971). Ysfbal fac^^ and math leamin 
rraew Sf reMar^ in Math- 

emdiiasEducaiidh, 2, ^-313. 

Alatis, J.E., Altman, H.B., & Alatis, P.M. (1981). The 
8(Swnd_LUxn for the 

19808. New Yarfc: Osford University R^ss. 

Anderapn, HieBert, E.^ Scott^ J., & Wilkenson^ S. 
(19^). Becomif^ a fMtion cf j^ npoH t^ 

l&e CommUsi^n Readi^^ Washington, DC: U.S. 
Dept. of Edueatibn. 

Asher, J. J. (1982). Learning another tangu€^ through 
actions (2nd ed.). Los Gatds, CA: Sky Oaks Pro- 
ductions. 



Ausebel^ p.A. (1963). and the 

faciHtation of meaningfiil verbal learning. Journal 
of lhacherMwation, 1% 21 7-221. 



Be€3Se^£.M. (1983). Risk-taking and the language 
learner. In H.W. Seliger & M.H. Long (Eds.)» C2as9- 
fvoni oriented rewanh in woond tai^m^e acqu 
iion (pp. 39-66). Rowley, MA: Newbury House. 



Bidcel, G;^ Ei^nfeld, N., & Hogg, J; (1973). Physwal sci- 
ence investigations. Boston^ MA: Houghton MiMin. 



Bloom, B., & KrathwbhtD^il977). Tio^mmy of educa- 
iional objectives: Handbook I: Cognitive Domain. 
New Yoi^: Longman. 



121 



ERIC 



Brown, H.D. (1980). Principles of language learning 
and teaching. Englewood Cliffs, NJ: Prentiee-Hall. 

Bullock Coisifflittee (1975). A fc^age for life. London: 
Dept. Of Education and Sdences, HMSO. 



Burton^ E. (1 984). Mathematical thinking: I^e struggle 
for meaning. .SmrnaZ for Research in Mathematics 
Educatioru 15, 35-49. 

Bye^^P^ (1975). Reading in math andd^nitive devel- 
opment. Unpublished fflanuscript. (ERIG Bocumeht 
Reproduction Service No. ED 124 926). 

Calkins, M.^I986). 7%e art of teaching writing. Ports- 
mouth, NH: Heinemann Educational Books. 

Carroll, J^B. il967), ForeipL lan^ge profit levels 
attained^by languap msgors near graduation from 
college. Foreign Language Annah, 1, 131-151. 



Cazden, C.B. (1 979). CtsrriculumSanguage conteps for 
bilingual education^ In E. J. Briere Language 
<&mtopmeat in d bilingual setting (pp. 129-138). Los 
^geles, CA: National pissemination iSd Assess- 
ment Center, California State University. (ERIC 
Document Reproduction Service No. ED 224 661) 

Celce-MureiapM^ & Earsen-Freeman, D. (1983). the 
grammar booh. Rowley, MA: Newbury House. 

Chamot, A.U, (1983), TdwarijLfunctioM^ ESL curri- 
culum in the elementary school. TESOL Quarterly 
27,459-471. 

Chamot, A.U. (1985). English Jangtiage development 
through a content-based approach. In Issues in 
English language development. Rosslyh, VA: 
National Clearinghouse fbr Bilingual Education. 



Champagne, A, (1986). Children's ethno-science: An 
mstructiOhal perspective. In J.J. Gallagher & G. 



ERIC 



References 



123 



Dawson (Eds.), Science education & cultural ^n; 
virpnmentB in the Americas. Washington^ DC: 
National Science Teachers Association. 



eieland^ (1981)^ Highligh in children's 

Hterature through semantic webbing. The Reading 
Teacher, 34, 642-646. 



Clement^ J. OESSI). s4^ge6ra problem solutions: 

Thought processes underlyirj^ a common miscpn- 
ception. Unpublished man uscript. Amherst^ MA: 
Department of Physics ai*d Astrdhdmy, Cognitive 
Development R'bject. 

Cohen, E.G., & Anthony, B. (1982). Es^ectatwn states 
theory and cbxssmpm karning. Paper presented at 
the American EduMtldnal : Re sear ch Assdciatibii 
annual convention. New York. 

Cohen, H.G. (1985). A OTmparispn of the development of 
spatial conceptual jibili^^^ of students &dm two cul- 
tures. Journal Research in Science Teaching, 22, 

Corle, C.G. (1974). Reading in matlgmatics; A r^ 
recent reseaith. In J.L. lJiSey iKd^), ReMing i^^^ 
content a^s. Newait, DE: International Reading 
Association. 

Cossio, M.G. (1978). The effects of language on 
mathematics placement stores in metrbpidlitah 
eblli^ges. Disser^^^ 35, 
4g02A-4eO3A. (University Microfilms No. 77-27, 882). 

Crand^ili, J.A.^ Pale^ t.a, Rhodes^ N.^^ Spands^^. 
C1985, i)etdber)j^ The l^ffmge^^ 
Eu^A boTtier. Paper presented at the Delaware 
Symposiimi on Language Studies VII. University of 
Delaware, Newark^ DE. 



CrandaUi JJt, & Willetts, K. (1986). Content-based lan- 
guage instruction. ERIGICbL News Bultetin, 9(2), 1, 
7-8. 



429 



124 ESL/e&^Fm^-^mAmmmj(MoN 



euevas, G.J. (1981, Aprn). SI^&^ seci^ Mhgut^e 
approach to miUhematies^Baming. Paper presen 
^ the amiuSl meetmg of t6e National Council of 
Teachers of Maffiematics, Toronto. 

Guevas, G J. (1984). Mathematics Jea^g i^ English 
as a second Jan^ag e. doumal Research in 
Mmhematics EduaUion, 15, 134-144. 

eueva^_G.J., Mann, P., & McGlSng.^M. (1985, 
A^). Langmge orKnmiott to^ mathematics teach- 
ing. Paper^reoBO^ at the annual meeting of the 
American Psychological Association^ Los Angeles. 

Gummins, J. (1976). The influence if bilin^alism on 
cognitive growth- A ayn&esis of research findings 
and e^lanatbry hypoffieses. Working Papen on Bi- 
tihgiialism, 9, 1-43. 

Gummins, (1979). Linguistic interdependence and 
the educational development bilingual children. 
Review of Educational I^search, 49, 222-251. 

Gammins, J. (1980). The construction of language 
fi^^^W^^ in bilingual education. In J.E. Alatis 
im.}, Cumni issw^in biUnguai edacation. Wash- 
ington, DG: Georgetown Universiigr Press. 

Cummins, J. (1981). The role of primary language de- 
velopment in promoting educational success for 
language minority students. In Schooling and 
language minority students: A theoreiieal fnme- 
WOT*. £os Angeles: Evaluation, Dissemination and 
Assessment Center. 

Cummins^ J. (1982). T^te, achievement and bicuMurdl 
ambiua&nce. Rosslyn, VA: National Clearinghouse 
for Bilmgual Education. 

Cummins^ J. (1984). ^Stn^afism and special edma- 
tton: Issues in assessment and pedagogy. San 
Diego, GA: Gollege-HiU. 



ERIC 



Curtain, HA (1986). Integrating language and content 
instnx(AioxuERKWIJ:jNew8B 9(21 h 19-11. 



Dawe, % (1983)^ Bilinjgpualism and mathematical 
reasoning in English as a second lan^age. Educa- 
tional Studies in Mathematics, 14, 325-353. 

Dawe, Ei (1984t A ^my^^mljiufhewor^ for the study 
of t&e effects of biiingualism on mathematics 
teaehing and iearmng. Paper jsresented ait the Fifth 
International Congress on Mathematical Educa- 
tion, Adelaide, Australia. 



De Avila, EA1983). Bilir^aalism, ccgnitim^nctwn 
langunge minority zgroup memSjsrshipt. Uj^pn^^ 
lished manuscript. San Rafael, GA: Linguametrics 
Group. 

De A>ala, E., Cohen, E.G., & Intili^ JA (19MX MuZii- 
cuiturat improvemenL of cognitiUi dbilitV^s: Fihdi 
rq^brt. Sacramento, GA: California State Depart- 
ment of Educaticm. 



De Avila, E., & Duncan, S. (1984). Findii^oUi and des- 
cubnmiento: 7)Bcu:her's guide. San Rafael, CA: tih- 
guametrics Group. 

Bolciani, M., & Wooten, W. (1976). Modern alegebra: 
Structure and method (Book 1) (rev. ed ). Boston: 
Houghton MifSin. 



Dupuiis, N.Mi (Ed-). (1984). fJead^^^ in the content 
anas: Research for Uachers. Newarii^ JJE: Inter- 
national Reading Assodatidn a^nd ERIC Cle^ih^^ 
house on Reading and Communication Skills. 



Duran, (£980). BiK/^oaZs' skill in solving lo^eal 
masoning problems in two languages. Unpuhlished 
manuscript^ (ERIC Document Reproduction Service 
No. ED 198 724). 



Ericksbn, F. (1986). Cultural difference and science edu- 




ERIC 



126 EsiJcomEm-Ms^msmvuwN 

cation. In J.J. Gallagher & G. Dawson (Eds.)^ 
Science eduiwtwn wid suiturcd environments in Ike 
Americas. Wasliington, DC: National Science 
Teac&ers Association. 

Fathman^ A,^ & Quinn,^.E. (fof^eoming). Science for 
taiigua^e tearrters. Oxford: Pergamon. 

Fillmore, L.W. (1983). The language learner as an 
individual: Implications of rese»ch on individual 
differences fofcthe Est tea<ier. In M. Clarke & J. 
HtuidseBmte^ds.), 0n T^SOL 'S2: Pacific ^rspec- 
tiaes on language learning and teachir^. Washing- 
ton, DC: Teachers of English to Speakers of Other 
Languages. 

Fillmore, i;W. (1979). Individual differences^ injMcond 
language acquisition. In C. Fillmore^ D. Eempler, & 
W. Wang (^i6,)itndividiml jdiffer^ Idr^mige 
ability and language behavior. New York: Academic 
Press. 

Firechmg, J.T. (X982). Speaker expectatibris and inathe- 
matics word problems. Hie SEB0L Review, 3, 35-47. 

Freedman,^ G.^ & Reynolds, E. (1980). Enriching basal 
reader iessons with semantic webbing. 7%e Reading 
Teacher, 33, 677^684. 

Gardner, P.L, (1980). The idehfification of specific diffi- 
cultiea Witt logical connectives in science among 
secondary school students. </ourna/ of Research in 
Sconce Teachings 17, 223-229. 

Garofaloi J., & iester, F.K. (1985). Metacognition, 
costive monitoring, and mathematical perfer- 
mance. Joarna/ for Research in Mathematics Edu- 
cation, 16, 163-176. 

Hall^ E.T^ (1976). How culfur^i collide. Psychotogy to- 
day, IB, F«-78. *^ 

Halliday, H.A.K. (1975). Some aspects of sociolihgiiis- 

132 



References 127 

ticf. In sJaeahsen^JM^ between iin- 

guistiea and maihenuiticcd education: Final report 
of the symposium j^onsored by UNESCOi^ CEDO and 
ICMI, Nairobi, Kenyan Se0ember 1-11, 1974 
(UNESCO Report No. ED-W GONF.seS, pp; 25-52). 
Paris: Uniteii Nations Educational, Scientific and 
Gttltural Organization. 

Hayes, C.W., & Bahruth, R (1985). Querer es poder. In 
J. Hansen^ T. Newkirk& D; Graves (Eds.)^ flf«a*in^ 
gnund: Tedc^rs retate recdira and writing in the 
elementary school. Portsiroutn, NH: Heinemann 
Educational £|poks. 

Haygs, G.W., Bahruth, R.^ & ^ssler^ G; (1985, March). 
2o Kad youjnK^^ in language ac- 

gaisjiidre; Paper presented at the First International 
Gonference Second/Foreign Language Acquisi- 
tion by Children, Oklahoma City, OK. 



Haye8,^ M., & Pearce^ A. (1985). Northside elementary 
science curriculum— K. San Antonio, TX: North- 
side School District. 

Herbert HX.:(1978)i^^deft£n^ /led^^ the content 
areas (2hd csd.). Englewood Cliffs, NJ: Prentice-Hall. 

Ho, K.K, (1982). Effect of language of instruction on 
physics achievement. Journal of Research in Sci- 
ence Teaching, 19, 761-767. 



Kurd, P.D., Robinson, J.T., McConnell, M.G., & Ross, 
N.M. (1981). The status of middle and junior high 
school science. Louisville, CO: Center for Educa- 
tional Research and Evaluation, BSCS. 

Johnson, D.M. (1983). Natural language learning by 
design: A classroom experiment in social inter- 
action and second language acquisition. TESOL 
Quarterly, 17, 55-68. 



Johnston, P. (1985). Writing to learn science. In A.R. 
Gere (Ed.)^ H<>6ls in the sawdust: Writing to learn 

• 133 



ERIC 



128 ^aiJComm^^^msnn^vcnoN 

acmss ^ dmipii^, Urbana, IL: National Council 
of Tea<£ers of English. 

Kesslerj C.^ & fethmaii, a. (1985). ESL activities for 
HEATH SeiENBE, Leve& 1-6. Lexington, MA: D.C. 
Heatit 

Kessler, C., & Quinn^ M.E. (1980). Pbsitive^^^ of 
bilis^aliszzHcai seienee pr^Iem-^lying abilities. In 
J^E, MatT^lEiL)^ Bttrrent issues in biiinguai ediica- 
iSoh: Pjwxedittgs fnm the (horgetown University 
Rbtu^tabte on Langaagzs and Lir^uisti£8, 1980. 
Washington, DC: Georgetown University I^ess. 

kessler, G.^^jfe ^uinn, M.E. (1982). Cognitive devel- 
opment in bilingual environments. In B. Hartford, 
a. Valdman & C.R. Foster (EdsJ, Issues in ihter- 
nationai bilingual education. New YoSc: Plenum 
Press. 



Kessler^ C, & Quinn, M.E. (1984, kvm, Se&ond lan- 
guage acquisition in the contexL Q^^ ex- 
periences. Paper presemeiM tee meeting of Teach- 
ers of English to Speakers of Other Languages, 
Houston, Tex; (ERIC Document Reproduction Ser- 
vice No. ED 248 713) 



KeEwler, C.f & Quinn, M.E^ (1985). Positive effects of 
bilingualism^it science problem-solving abilities. In 
J.E. jffllatis & J.J. StaczeK iEdB.X Perspectives on 
BUingualism and bilingml education. Washington, 
DC: Geoi^retown University Press. 

kessler^ C.^^ Quiim^ M.E., & Hayes, C.W. (1985, Oc- 
tober). Processing mathematics in^a second lan- 
guage: Pmblems for LEP ihiMrjBn. Paper presented 
at the Delaware Sympbsimn bnu Language Studies 
VII, University bf Delaware, Newark, DE. 



E&ight, L^, & Hargis, C. (1977)^ Matii language ability: 
Its relationship to reading in math. Language Arts, 



134 



References 



129 



Kras&en, S. (1981). Second tan^wc^e acquisMoh and 
second tanguage learning. Oxford: Pergamoh 
Press. 

I&asHen, S. (1982). PriTwipks and prattle An Mcbnd 
bingwage acquisition. Oxford: Pergamoh Press. 

kraifeen^ S. (1985). Inquiries & insets. Hayward, CA: 
Alemahy Press. 

Lambert, W., & Tucker, (J.R. a9^2). Bmngv^ educa- 
tion (^children. Rowley, MA: Newbury House. 

Lawsbn, ij ^wsoh, D.I., & Lawson, C.A. (1984), Rro- 
porticmal reasoning and the linguistic abilities re- 
quired for hypotHetico^eductive reasoning. Journal 
of Research in Science Teaching, 21, 119-131. 



tee^B., & SUen, R.V^ (1963). Learning to read through 
experienix. New York: Appleton-Century-Grbfts. 

Ixing, M.a. & Jferter^ P.Ai (1985). Group work, inter- 
lahguage talk, and second language acquisition. 
J^SOL Quarterly, 19, 207-228. 

Lynch, P.P., Chipman, H.H., & Pachaury, A.C. (1985). 
The langua^a-of science and the high school stu- 
dent: The reco^ition of concept definitions: A com- 
parison between Hindi speaking students in India 
and English speaking students in Australia; Jour- 
nat of Research in Science Teaching, 22, 675-686. 



Mamamara^ J. (1966). Bi7in^a2i8m and pritnaty edu- 
cation. Edinburgh: Edinbmigh University Press. 

McClo8keyi M. (1983)i Intuitive physics. Scientific 
Ameriean, 248(4), 122-130. 



McGroarty, M. (1985), T^acJ^r^mntJes in secohda^ 
ESL and EFh mstmcUb presented at CA- 

TESOL conference, San Diego, CA. 



ERIC 



130 



ESE^ONTENT-AREA INStRUCTldN 



ERIC 



MestrCi J.P. (1984). The problem witfi problems- 
Hispanic students and mats. Bilingual Journal, 
Fall, 15-29. 

MestoB, J.P.,^ Geracei W. & Lockhead, J^ a982). Tfi§ 
interdependence of language and translational 
math skills among bilingual Hispanic engineering 
students. e^BrraaZ ofReseamh in Science Teaching. 
19, 399410. 

Milk, It a985)ii^Tlie changmg role of ESL in bilingual 
education. mSOL Quarterly, 18, 657-672. 



Mohan, B. (1979). Relating language teaching and 
content teaching. 71SS0L Quarterly, 13{2), 171-181. 



Mohan^ B.A. (1986a). Banjroo^ and content. Readings 
MA: Addisoh-Wesley. 



Mohani B.A, (1986b). Language fiotd content learning; 
Finding common ground. ERIG1CLL News Bultetin, 
9(2): 1, 8-9. 



Monis, RW. (1975J. LinpListic problems encountered 
by cont^poraiy cumccflim in mathemat- 

ics. JnE. Jacobsen (Ed.), Interactions between 
linguistics and mathematical edueationL^Findl 
report of the symposium sponsored by UNESCO, 
CEDO and ICMI, Nairobi, Kenya, September 1-11, 
1974im?ES€e Repoft No. Ed-74/CONP.808, p. 25- 
52); Paris: United Nations Educational, Scientific 
and Cultural Organization. 

Mother nature's tiny wonders. (1984). Jt Bahruth and 
iSfth grade class, (Eds.) Pearsall, TX: Pearsall In- 
dependent School District 

Munro, J. (1979). Language abilities and maths perfor- 
mance. Reading mtcher, 32(2), 900-915. 



Oiler, J. W., Baca, L.L., & Vigit A. (1978)^ Attitudes and 
attained proficien<^ in ESLj A sbeiblinguistic study 
of Mexican-Americans in the Southwest. TESOL 



Referencra 131 

t^udrierty, 11, 173-183. 

Penfieia, J., & Omstein-Galidai J. (1981). Lahgu^^ 
thrc^ugh science'. An integrative modeL In R, V. 
Padilla (Ed.), EiAjwperopeciioes in bilingual edu- 
eation reseanh. Ypsilanti, MI: Eastern Michigan 
University Press. 



Piaget, J, (i926X The tdn^^ux^tmd ihought of the chiid. 
New York: Hareburt, Brace. 



Quinn, M.E., & Kesslerj CS. (1984^ Decemheri SiZi/if «di 
children's coghiiioh and language in science 
learning. Paper presented at ttie Inter-American 
Seminar oh Science Educction, Panama. 

Quihh, M.E., & Kessler, C. (1986). Bilingual cWldreii's 
cp^itlon and language in iaehce leamihg. In J.J. 
Gallagher & G. ^wsbn (Eds.), Science education & 
cttlturdl envimnmenis in the Americas, Washing- 
ton, DC: National Science Teachers Association. 

Reutzel^ D.Rii (1985). jStbry maps improve compreheh- 
sibh. The Reading Teacher, 38, 40()404. 



Robinson, F.P. (1962). Effective reading. New York: 
Harper and Row. 

Rodriguez, I., & Bethel, L.J. (1983). An inquiry ap- 
proach to science and language teaching. Journal of 
Research in Science Teaching, 20, 291-296. 

Saville-Trbike^ l€.J1984). mat really matters in second 
language learning for academic achievement. 7!^- 
SOL QuarierLy, 18, 199-219. 

Sinatra, R., & Stahl-Gemake, J. (1983). Using the right 
brain in the language arts. Springfield, IL: Charles 
G Thomas. 

Smith, F. (idlM. Compr and learning: A 

comepm it fmmework for teachers. New York: Holt, 
Rmehart & Winston. 




1S2 EstJcommtr-ABEAms^v^Fw^ 



Smith, M. (1986). A model for teaching native oriented 
science. In J. J. Gallagher & G. DawBon (EdsJ, Sci- 
ence educaiion ^ culturdl ehvironments in the 
Americas- Washihgtbh, DG: National Science 
Teachers Association. 

Spiegel, D.L. (1981), Six alternatives to the directed 
reading activity. The Reading Teacher, 34, 914-920. 

Suydam, M.N. (1982). Update on research on prdblem 
solving: Implications for classroom teaching. 
Arithmeiic Teacher, 25(6), 56-68. 



Swain, M. (1984). A review of immersion education in 
eanada: Research and evaluation studies. Ini SiM- 
dies on immersion: A cUi&twtt^ for UhitM 
erfMcafors. Sacramento, GA: Galifbrnia D^t. of 
Education, Office of Bilingual Bicultural Education. 

Swales, J. (1985). Episodes in ESP. Oxford, U.K.: Pef- 
gamon. 

Tchudi, Herta, M.G. (1983). Teaching writing in 

thecontent arms: Middle school tjunior high. Wash- 
ington, DC: National Education Assbciatibh. 

f chudi, S.N., & f chudi^.J. (1983). T^^hir^ writing in 
the content areas: Ejementary school. Washington, 
DG: National Education Association. 

Tchudi, S.N.i & Yatesi^ J. (1983). Tedchihg wriiihg in 
the coMeht arms: Senwr h^ school. Washington^ 
DG: Natibhal Education Association. 



Titone, R. (1981). The hdistit appjcoaeh to second lan- 
guage educatibn. In The Second Language Ciass- 
room. New Yor*: Oxford University Press. 

Tritch^ D. (1984). Logical connectors jand Lseisntific 
register. Unpublished mahuscripit. The University 
of Texas at Saii Ahtbhib. 



138 



ERIC 



References 



133 



ERIC 



Vacca^RT; (1981). Coniehi ana nading. Boston: Little 
Brown. 



Ventriglia,z^L. 098£). Bonversationa of Miguel and 
Maria. Reading, MA: Addison-Wesley. 

Wayman, J.G. (1985). Reaching and teaching the ^ed 
child. Chaltenge, 4(1), 2-4. 



Wilsbnj B.E.A., Se Avila, E., & Intili, J.K. (1982, April). 
Improving cognitive, iinguisiic and academe j^iHs 
in bilingual classrooJ^^^ the 
annual meeting of the^American Educational Re- 
seardi Association, New York. 

Yager, R.E. (1983). The importance of teachiiig ter- 
minology in K-12 science. Journal of Research in 
Science Teaching, 26, 577-588. 



139 



ERIC 



ADULT VOCAT.iONAL F.Sl 



APPROACHES TO SVI LARIJ?; npcmK 



ENGLISH AS A StCOND i ANGLJAn? 



COMPUTERS AND ESL. ; 

Dff^ECTORY OF FOREIGN LANGUAGE SERVICE ORGANIZATIONS: 3. 
ERROR CORRECTION TECHNIQUES FOR THE FL CLASSROC^i, - 



-SL/LITERACY FOR ADULT LEARNERS 

:SL THROUGH CONTENT-AREA IN^TRiirTinM 



PUHEIfJN LANGUAnP !M 



ELEMENTARY SCHOOL State ot !hP Art 



FROM THt CLASSRQPM TO THE WORKPLACE: Teach, nn FsL rn ^n, 



INCORPORATING LiTERATURF ik Fsi -iMQTDi irr.r-^P. 



,ND LANGUAGE LEARNING !N FSl 



ACHING STRATEGIES IN ESL COMPO^^ITinK 



PRnF!r!FNrv.nr5 



-ORIENTED CLASSROOM TFSTiNG 



RFADING OFVF! np 



OPMENT OF NONNATlvE SPFAKFRs nt: PMrzi icu 



. ! bACHING PRONUNCIATION: Focus on Engl,c,h Rhythm and Intonat. 
TRAiNlNG TRANSLATORS AND CONFERENCE iNTERPRETERS . A - 
USING COMPUTERS !N TEACHING FOREIGN LANGUAGES ... > 



PRENTICE-HALL RFnPMTc; 




